The inter-relationship between vitamin D status, bone health and physical performance in university athletes. by Wilson-Barnes, Saskia L.
   
 
  1 
 
 
 
 
 
 
 
 
 
 
 
 
The Inter-Relationship between Vitamin D Status, Bone 
Health and Physical Performance in University Athletes 
 
 
 
 
Saskia Louise Wilson-Barnes 
 
 
 
 
Submitted for the degree of Doctor of Philosophy 
 
 
 
 
Department of Nutritional Sciences 
School of Biosciences and Medicine 
Faculty of Health and Medical Sciences 
University of Surrey 
 
 
 
 
 
 
June 2019 
 II 
Declaration of Originality  
 
“This thesis and the work to which it refers are the results of my own efforts. Any ideas, data, images or 
text resulting from the work of others (whether published or unpublished) are fully attributed to their 
originator in the text, bibliography or in footnotes. This thesis has not been submitted in whole or in 
part for any other academic degree or professional qualification. I agree that the University may submit 
my work to means of checking this, such as plagiarism detection service Turnitin® UK. I confirm that I 
understand that assessed work that has been shown to have been plagiarised will be penalised. Whether 
or not drafts have been so assessed, the university reserves the right to require an electronic version of 
the final document (as submitted) for assessment above.” 
 
 
 
 
 
 
Saskia L Wilson-Barnes
 II 
Abstract 
 
Vitamin D deficiency (<25nmol/L) and insufficiency (<50nmol/L) has become an increasingly popular 
topic. Current research focusses upon the potential ergogenic effects of vitamin D (vitD) in sporting 
performance; however, the relationship between vitD (dietary intake and nutritional status) and bone 
health within a University athlete cohort remains under-investigated. Therefore, the aims of this Thesis 
were to (1) examine vitD status longitudinally across the University competitive seasons and; (2) 
examine the implications that vitD deficiency/ insufficiency may have upon physical performance 
parameters or bone health. 
In the first study, fifty-seven competitive University level- athletes from varied sports were observed 
from autumn to spring. Radial bone mineral density (BMD) and physical performance parameters were 
investigated; for the analysis of vitD and parathyroid hormone, blood samples were collected.  Within 
the cohort 7% presented with deficiency during the autumn; increasing to 44% during spring. However, 
this did not have a significant effect upon physical performance and bone health despite an average 
status of 31.5±16.4 nmol/L in spring.  
In the second study, 34 University athletes and sixteen sedentary students were recruited and followed 
from spring to summer. Whole body, hip and tibial scans were conducted to determine BMD and bone 
mineral content (BMC). Physical performance parameters including jump height, aerobic fitness, 
muscular strength and blood biochemistry were also collected.  During the summer term, 26% of the 
cohort were vitD insufficient. Moreover, an insufficient vitD status was associated with a lowered jump 
height (p=0.015) but not aerobic fitness (p=0.07). There was also a significant positive relationship 
between vitD status, femoral neck BMC (r=0.685; p<0.02) and BMD (r=0.679; p<0.02). Our results 
show that BMD was higher in weight bearing athletes. The final study found that racket sport athletes 
had a significantly superior bone profile in their dominant arm when contrasted to controls.  
Overall, these findings suggest that an insufficient vitD status was associated with lower indices of 
muscular power and aerobic fitness in University students. Therefore, being vitD replete may not only 
play an important role in musculoskeletal health but could also be a key determining factor in athletic 
performance. 
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1.1 Overview of Bone 
 
Bone provides structural integrity to the human body, protects vital organs and facilitates muscular 
action. It has to have resilience to withstand the loads that are placed upon it on a daily basis (Walsh, 
2015). It also has to be lightweight and adaptable to enable movement from standing to running. 
Furthermore, it is a storage vessel for calcium and phosphorus as roughly 99% of calcium is found in 
the skeleton (Vannucci et al., 2018) thereby playing a vital role in homeostasis and acid-base regulation.   
 
Bone is composed of two separate compartments; cortical (80%) and trabecular bone (20%). Cortical 
bone is the exterior bone and is dense and solid, whereas trabecular bone is spongy and comprised of a 
honeycomb-like network of plates and rods in the bone marrow compartment. Cortical bone is primarily 
found at the end of joint and the vertebrae whereas, trabecular bone is found in the end of long bones, in 
vertebrae and in flat bones such as the pelvis. Bone is unique as it is predominantly determined by 
genetics (roughly 70%) but our bone mineral density (BMD), and more specifically our peak bone mass 
(PBM) can be altered due to endogenous and exogenous factors such as physical activity, hormones and 
(in) adequate nutrition. Osteoporosis and osteopenia have become a large threat socioeconomically, this 
is attributed to an ageing population. The economic burden of fractures in the UK is projected to cost 
£5,465 million and these costs are expected to increase by 25% by 2025 (Svedbom et al., 2013).  
Therefore, research into the prevention and management of this debilitating condition has grown 
substantially since the surge of rickets and bone disorders in the 1940’s.  
 
 
 
 
 
 
 
 
  Bone Health, Nutrition and the University Athlete 
 17 
1.2 Bone throughout the Life Cycle 
 
Bone mass throughout the life cycle is determined by the attainment of PBM, the maintenance of bone 
mass in adulthood and adopting strategies to delay the rate of bone loss later in life. Bone mass can alter 
at all three critical life stages as highlighted in Figure 1.1- 1) during adolescence where PBM is attained, 
2) during consolidation and finally 3) during age-related bone loss. The pubertal years are most critical 
for bone health, adolescents who achieve a higher BMD into consolidation will have a reduced 
susceptibility for osteoporosis.  Furthermore, attaining a higher PBM may potentially decrease risk of 
developing a fracture (Jackowski et al., 2011). A fragility fracture is one of the primary causes of 
hospitalisation in later life causing a loss of mobility and independence, depression and social isolation 
(NOS, 2015). An increase in 10% of total bone mass during adolescence/ early adulthood could 
potentially half the risk of an osteoporotic fracture in later life (Viljakainen, 2016). A considerable 
amount of BMD is lost due to the decrease in oestrogen during the menopause. Roughly 1-2% of total 
BMD can potentially be lost between the 5-10 years, this amounts to roughly one fifth of a women’s 
total BMD (Lanham-New, 2008).  
 
 
 
 
 
 
 
 
 
 
Figure 1.1:  Schematic diagram to illustrate the changes in bone mass throughout the life span.  
; during the menopause and <10 years post menopause there is an acceleration of 
bone lost. (Taken from Lanham-New, 2008).  
 
1) 
µg 
2) 
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1.3 Osteoporosis 
 
Due to an ageing population, osteoporosis is an immense medical and socio-economical threat to 
modern society. Osteoporosis is defined by the International Osteoporosis Foundation (IOF, 2019) as 
the: 
 
‘disease characterized by low bone mass and microarchitectural deterioration of bone tissue, leading to 
enhanced bone fragility and a consequent increase in fracture risk.’ 
 
 According to the World Health Organisation (WHO, 2003) osteoporosis is defined by bone density at 
the hip or lumbar spine. Bone density at these sites are defined as osteoporotic when ≤2.5 standard 
deviations below mean BMD of a young-adult reference population or a T-score of below or equal to -
2.5 (Cosman et al., 2014). It is estimated that roughly 500,000 broken bones are caused by osteoporosis 
every year within the UK (NOS, 2018). In addition to this at 50 + years the UK rates for a fragility 
fracture (in the hip, spine, rib, humerus, radius/ulna or pelvis) were 38.4 and 98.6 per 10,000 person 
years follow-up in men and women, respectively (Curtis et al., 2016).  An increased incidence of broken 
bones (caused by enhanced fragility, shown Figure 1.2) can lead to a loss of I fndependence and a 
significant reduction in the quality of life to those afflicted with the condition. Osteoporosis is caused by 
a combination of conditions, diseases and medications. However, lifestyle can also play a significant 
role in the prevention of this debilitating condition and low BMD which are discussed in the following 
section.  
 
 
 
 
 
Figure 1.2. These images depict the difference between a healthy and osteoporotic bone, which is more 
porous. (Taken from Cosman et al., 2014)  
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1.4 Bone Remodelling 
Bone is not inert; it is constantly being ‘turned over’ throughout the life span through the combination 
of bone formation (mediated by the actions of osteocytes and osteoblasts) and bone resorption (by 
osteoclasts). There are five separate parts of the bone remodelling cycle which, consists of: 1) 
activation, 2) resorption, 3) reversal, 4) formation and 5) termination as shown in Figure 1.3. The 
osteoclasts resorb quiescent bone surface, this onset of bone resorption is caused by the changes in 
homeostasis or even by mechanical strain. Secondly, Osteoclasts differentiate, migrate and attach to the 
bone surface secreting hydrogen ions and enzymes to break down the bone matrix, this can last from 2 
weeks to a month.  This secretion of enzymes and hydrogen ions causes pH to fall to as low as 4.5 
thereby creating a resorption site or cavity. Reversal commences once monocytes, osteocytes and pre-
osteoblasts are recruited and the cavity is smoothed off in preparation for osteoblastic activation. Bone 
formation can take anywhere between 4 and 6 months to finish. Osteoblasts then enter the cavity and 
mineralise or synthesise an osteoid matrix, this is followed by the calcification of the newly produced 
bone (Katsimbri, 2017).  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.3: Schematic diagram of the 5 phases of bone turnover. (Taken from Mohamed et al., 2008) 
 
1) 
2) 3) 
4) 5) 
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1.5 Biochemical Markers of Bone Health 
Biochemical markers of bone health can be used to determine the risk of osteoporosis providing an 
indication whether an individual is resorbing more bone than forming. These are commonly used in 
practice for clinical researchers to diagnose osteological pathologies such as metabolic bone diseases 
during the early life stages. Recently, biochemical markers have been used to determine postmenopausal 
risk of osteoporosis.  
 
1.5.1 Bone formation markers 
Bone formation markers mirror the direct or indirect products of the formation of osteoblasts and the 
development of these or function (Kuo and Chen, 2017). These can be easily measured through bodily 
fluids such as serum and plasma samples.  
 
Carboxyl terminal pro-peptide of type I collagen (PINP& PICP) 
These procollagen type 1 pro-peptides derive from type 1 collagen, following which they form amino- 
(PINP) and carboxy- terminal (PICP) extension peptides. Collagen is the principle product of 
osteoblasts; therefore, these are both utilised as a good predictor of newly formed type 1 collagen, and 
make them the more sensitive predictor of bone formation in a clinical setting for the rate of bone 
formation in osteoporotic patients (Szulc et al., 2017).  
 
Bone specific alkaline phosphatase (BSAP) 
This formation marker can also be referred to as alkaline phosphatase (ALP), it is a ubiquitous enzyme 
that plays a vital role in the formation of osteoids. In patients with normal liver physiology, 50% of 
serum ALP is derived from bone (Hlaing and Compston, 2014).  
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Osteocalcin (OC) 
Osteocalcin is one of the most abundant non-collagenous proteins found in bone and is commonly used 
in a clinical setting for bone formation. It is produced and released by osteoblasts and osteocytes. There 
is much speculation regarding the primary role of osteocalcin in the skeleton, some research suggests it 
doesn’t play a role in the mineralization of bone and more recent findings indicate that it plays a role in 
endocrine function, specifically, for the function of insulin, glucose metabolism and even energy 
metabolism as elucidated in rat studies (Brennan-Speranza and Conigrave, 2015). However, its specific 
role on bone turnover remains undetermined.  
 
1.5.2 Bone resorption markers 
Biochemical markers of bone resorption are often degradation products of collagenous bone. Bone 
resorption markers can be identified through primarily urinary analysis and a few can be predicted by 
serum samples. Markers such as pyridinium cross-links, pyridinoline (PYD) and deoxypyridinoline 
(DPD) are used as resorption markers as they are expressed during the maturation of bone and collagen. 
These are released during the resorption of bone and are excreted in urine as waste.  Peptide-bound 
forms of PYD and DPD include the C-terminal and N-terminal cross-linking telopeptides (CTX, NTX) 
of the type 1 collagen molecule, which are also released into the circulation and subsequently excreted 
in urine (Hlaing and Compston, 2014). 
 
 
 
 
 
 
 
 
 
 
  Bone Health, Nutrition and the University Athlete 
 22 
1.6 Measuring bone mass 
1.6.1 Dual-energy x-ray absorptiometry  
There are many methods utilised for the measurement of bone mass and even composition, the strengths 
and limitations of each method is described in detail in Table 1.1. Dual-Energy X-Ray Absorptiometry 
(DEXA) is a technique originally developed to determine the mineral density of bone, to aid the 
treatment of osteoporosis. It is commonly used in practice and research for bone imaging and the 
measurement of total body composition. It can also be used to predict BMD, this is because it can 
analyse fat and lean tissue mass. One of the many advantages of using a DEXA scan in practice is that it 
is relatively easy and quick to perform on subjects or patients. Another benefit for using a DEXA is the 
ability to measure multiple bone sites at once, from neck of femur (NOF) to lumbar spine and full body 
bone composition (as shown in Figure 1.4). It also carries low risk for measurement as patients are 
positioned in a lying position on a bed for the scan as opposed to having limbs strapped in or the use of 
a tunnel (when compared to CT scans), this can cause distress for some individuals. The maximal 
radiation dose for a full body composition DEXA (utilising a Hologic QDR, as an example) scan is 
8µSV, this is roughly approximately the equivalent of 45 minutes on a transatlantic flight or the 
radiation dose of consuming 80g of Brazil nuts (Health Protection Agency, 2011).   
 
 
 
 
 
 
 
 
 
Figure 1.4 Imaging from a typical cross-section area developed by a DEXA scan of the a) spine and b) 
hip. Taken from Maghraoui and Roux (2008) 
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1.6.2 Peripheral quantitative computed tomography (pQCT) 
Quantitative computed tomography is a three-dimensional non-projection technique used to quantify 
BMD in the proximal femur, forearm, radius and tibia (Stagi et al., 2016). Its primary advantage is that 
trabecular and cortical bone density can be quantified thereby providing information on bone geometry 
and determine BMD independently from bone size. The peripheral quantitative computed tomography 
(pQCT) scanner functions by taking single or multiple slices of the length of the bone in question (as 
shown in Figure 1.5). For example, a radial or tibial bone could be measured at one site specifically or 
multiple sites; 4%, 14%, 38% distal or 66% proximal. A disadvantage of using a pQCT is that the 
gantry is narrow and shallow, therefore its application can only be for those with a normal BMI or body 
fat composition. Unless a larger gantry is purchased it would be problematic to use for athletic groups 
such as professional Rugby, American Football and even Basketball players.  
 
A maximal length of the pQCT is set at 400mm (with regards to the XCT 2000), therefore taller 
individuals with longer limbs may not be able to have the entirety of their long bones measured. In 
addition to this elderly or frail individuals may find using a pQCT difficult as they have to be strapped 
into the gantry in an uncomfortable position for an extended period of time (at least 5 minutes) 
specifically for tibial measurements. However, radiation doses for the pQCT are relatively low when 
contrasted against DEXA (<1.0 µSV) in a practical context it is equivalent to 2 hours of background 
radiation in the UK (Public Health England, 2011).   
 
 
 
 
 
 
 
 
 
Figure 1.5 Imaging from a typical pQCT scan of the distal (4%) and mid shaft (66%) Tibia. 
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1.6.3 High resolution pQCT (HR-pQCT) 
High resolution quantitative computed tomography became commercially available within the mid-
2000s, thus clinical research utilising this method has increased within the past 10 years (Cheung et al., 
2013). This method of bone assessment is unique as it enables the researcher to understand more 
coherently the structural integrity of an individual’s bone (shown in Figure 1.6). Moreover, it can 
determine age-related changes, sex- and ethnicity-differences in bone microarchitecture. This 
understanding is attributed to a higher resolution of imaging that can be obtained in a quick time of 2.8 
minutes for an axial 9.02mm section, for example (Nishiyama and Shane, 2013).  It can identify 
microstructural abnormalities and even mechanical insufficiencies that are associated with fracture risk 
(Metcalf et al., 2018). This is because it facilitates the researchers to estimate micro-finite element 
analysis (μFEA) (Carballido-Gamio et al., 2018).  
 
A strength of HR-pQCT is that it is applicable to all life stages; from the determination of the 
metaphysis bone in adolescents (distinguish growth plates) to determining the efficacy of osteoporosis 
treatment at improving bone quality in elderly patients.  HR-pQCT recruits three-dimensional imaging 
to scan a specific site, such as the distal radius or tibia. Radiation doses for this method is relatively low-
dose when contrasted to a DEXA scan which, allows follow-up measurements within patients or 
participants. Another key strength to the utilisation of HR-pQCT is that it can be customizable by 
experienced practitioners to assess other elements of the bone, such as the ratio of rod and plate 
trabecular elements (which is an indicator of bone strength) (Nishiyama and Shane, 2013).   
 
 
 
 
 
Figure 1.6 Imaging developed by HR-pQCT. A) Depicts the imaging developed during ‘scout view’ of 
the radius, the operator can select a ROI (region of interest) utilising the green lines as shown in the 
image. B) Depicts a typical cross-section area shown on a HR-pQCT of the tibia and fibula. (Taken 
from Cheung et al., 2013).  
A
) 
B
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1.6.4 Quantitative ultrasound (QUS) 
Interest in quantitative ultrasound (QUS) has risen for the diagnosis of osteoporosis and the assessment 
of skeletal status. QUS measures speed of sound and broadband ultrasound attenuation; it is most 
commonly used on the heel but can also be used to measure other sites such as the tibia. The foot is 
placed in direct contact to the ultrasound transducer, gels or pads are used. One of the advantages of 
using QUS is the absence of radiation used to measure bone density in comparison to DEXA and pQCT. 
In addition to this, it is portable and relatively inexpensive when contrasted to the other methods which 
are more reliable and commonly used in practice. The outcome measure for QUS remains unclear, 
which is the principle rationale why it is not commonly used in research or practice (Khan, 2001).  
 
1.6.5 Radiography 
Radiography is an imaging technique using X-rays, gamma rays, or radiation to view the internal form 
of the skeleton. The conventional use of radiography is widely used as a diagnostic tool for the 
examination of bone morphology, fracture or break. It can also be used by clinicians to asses bone 
maturation, for an example it enables clinicians to distinguish growth plate widening in children. 
Although osteological diseases such as rickets (as presented in Figure 1.7) can potentially be diagnosed; 
BMD, bone quality or BMC cannot be interpreted through this ubiquitous method. Therefore, it is 
limited in its application for research rather than the assessment of skeletal geometry.  
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Figure 1.7 The radiological appearance of nutritional rickets. Top left and right exhibits the radiological 
appearance of the widening between bones within the hand and leg. Bottom left and right shows the 
radiological findings in nutritional rickets, including ‘bowed’ legs that are commonly associated with 
the disease.  (Taken from: Özkan, 2010) 
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Table 1.1 Critique of different methodologies for measuring the properties of bone  
 
 Advantages Disadvantages 
DEXA 
 Low level radiation exposure 
 Versatility to measure BMD at a range of 
skeletal sites 
 Accuracy when performed by a high-
quality operator 
 Can be utilised in research and clinical 
settings 
 Can accurately determine body 
composition; including body fat (%) and 
lean body mass (kg) 
 Patient/ participant acceptability is high 
due to the nature of the scan  
 Most commonly used diagnostic test of 
choice 
 Does not differentiate between cortical and 
trabecular BMD 
 Expensive equipment and thus, not available 
to all institutions/ practitioners 
 Requires ionising radiation professional/ GP 
to sign off for research 
 Required to be kept within a room designed to 
prevent radiation escaping    
 Can only be operated by radiation-trained 
specialists 
 Cannot distinguish the difference between 
bone mass and metal objects 
pQCT 
 Can differentiate between cortical and 
trabecular bone 
 More sensitive than DEXA 
 Specific regional bone density 
 High accuracy and reproducibility 
 Short scan time 
 Can measure muscular and bone 
composition 
 Reduced accuracy when participants move 
 Certain models have a small gantry and unable 
to place obese/ large individuals into 
participants into it for tibial measurements 
 A fracture to the bone may impact the quality 
of the scan 
 Measures only certain sites: tibia/radius 
 Not tolerated well by participants as they are 
expected to be strapped into position 
 Does not measure body composition 
accurately 
 Also required to be kept in appropriately lead-
lined room to prevent the escape of radiation 
 Can only be operated by radition-trained 
specialists 
 Expensive equipment 
 
HR-pQCT 
 Detailed scan of microarchitecture of 
peripheral bones 
 Low radiation dose per exposure 
 Applicable to all life stages; can identify 
growth plates in growing children/ 
adolescents 
 Customizable by experienced 
practitioners to assess other elements of 
the bone 
 Not validated as a prognostic tool in 
osteoporosis 
 Expensive equipment 
 Few validation studies for the utilisation of 
HR-pQCT to compare results to 
 
QUS 
 No radiation used to measure BMD 
 Short scan time 
 Good patient tolerance 
 Portable scanning device 
 The outcome measure for QUS remains 
unclear 
 Bone size will influence the scan (specifically 
cortical thickness) 
 Not validated as a prognostic or research tool 
for the examination of bone health 
Radiography 
 High accuracy and reproducibility 
 Cheapest method of diagnostic bone 
scans 
 Convenient due to ease of access to these 
in clinical settings 
 Can quickly identify a fracture or other 
suspected pathologies present 
 High radiation dose for CT scan 
 Does not measure body composition 
 Does not differentiate between cortical and 
trabecular bone 
 Has to be contained within a radiation-only 
zone 
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1.7 Bone adaptations to mechanical loading 
As aforementioned bone may appear to be inactive, however it is adaptive in response to different 
methods of mechanical loading. Much research has been focussed upon bone adaptations to mechanical 
stress to help predict the strength and integrity of long versus flat bones, the principle observation of 
bone meeting the force placed upon it was first discussed in the early 1800’s by Julius Wolff (Burr and 
Allen, 2014). In translation, the Law of Wolff stated:  
 
Alterations of the internal architecture clearly observed and following mathematical rules, as well as 
secondary alterations of the external form of the bones following the same mathematical rules, occur as 
a consequence of primary changes in shape and stressing or in the stress of the bones.  
 
In essence we could mathematically determine the mechanical strain placed upon a bone that will cause 
it to react by forming or resorbing bone when required.  
 
The mechanical behaviour of the bone is dependent upon the direction or magnitude of the load applied 
to it. This can be initiated through muscular contraction and ground-reaction forces generated by 
partaking in different modes of exercise (Santos, Elliott-Sale and Sale, 2017). There are three particular 
types of physical activity which prove more superior to other methods in enhancing bone strength, this 
includes strength training that incorporates large load volumes, plyometrics and high impact exercises 
such as jumping (Gregov and Sala, 2014; Martyn-St James et al., 2010). Astronauts are a key example 
of the importance of active loading upon bone, space travel accounted for an average of 1-1.5% of areal 
density lost every month during long-duration spaceflight and can experience from 10-15% of total bone 
lost (Orwoll et al., 2013). Due to the negative repercussions of space travel the national aeronautics and 
space administration (NASA) have imposed repeat pQCT tests pre- and post-flight of measurements of 
bone quality and recommended the review of modifiable risk factors in astronauts such as optimising 
nutrition and physical activity for health.  Conversely, the effects of specific sport are well shown within 
athletic groups whom favour one limb more than the other. Such as tennis players whom presented with 
a higher bone mass, greater muscular area and handgrip force in their dominant arm (Ireland et al., 
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2013). Due to the non-weight bearing characteristics of particular sports, it can place the athlete at risk 
of lowered bone density. Athletes such as swimmers and cyclists are at risk of low bone mineral density 
(Mudd et al., 2007) due to the non-loading modality of these sports. Therefore, emphasis should be 
placed upon promoting a strength and conditioning programme that incorporates strength training to 
actively load sites compensating for the lack of loading their sport-specific training would provide.  
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1.8 Lifestyle factors affecting bone health 
1.8.1 Nutrition 
1.8.1.1 Calcium 
Calcium is one of the major components of bone, not only does it account for a total of 1-2% (~1200g) 
of the total human body mass but over 99% of total body calcium is found within the teeth and bones 
(Vannucci et al., 2018). The remaining 1% of calcium is circulating in plasma/serum or found within 
muscular cells, extracellular fluid and other tissues. Therefore, calcium’s role within the human body is 
not exclusive to bone as it is a mediator for the contraction of muscles, mineral homeostasis and even 
hormone synthesis. Serum calcium is tightly regulated within the reference range of 90-105mg/L 
(Lanham-New, 2008).  As shown in Figure 1.8, the homeostasis of the calcium pool within the human 
body is maintained by the absorption from the jejunum and ileum by 1,25 dihydroxycholecalciferol 
(1,25(OH)2D), resorption/formation of bone and at the kidneys by parathyroid hormone (PTH) and 
calcitonin. Therefore, an adequate dietary intake of calcium is imperative for bone health and 
metabolism throughout the life cycle.  
 
 
 
 
 
 
 
 
 
 
 
Figure 1.8 Calcium levels in blood and tissue (taken from Lanham-New, 2008a) 
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Calcium was introduced into flour in 1940 during wartime Britain until 1954 as dairy products were 
scarce due to rationing. In 1953, it was decided by the government that nutrients lost during the milling 
process were to be replaced to white/ brown flour (Department of Health, 2012). The department of 
health continue to support this fortification as it was discussed that an estimated 30% of calcium intakes 
within the UK are through the intake of bread and flour containing products. It was also suggested that 
flour is more important specifically as there is a decline in milk consumption due to a surge of dairy-free 
alternatives available on the market (Kearney, 2010). Calcium intake is considered an important 
modifiable factor at maximising PBM during growth and reducing bone loss in later life. It is suggested 
that a positive effect of physical activity on bone health only exists when calcium intake exceeds 
1000mg/d (Specker, 1996).  Interestingly, a study elucidated that there may be a unique benefit for 
consuming a high calcium (1200mg) milk drink. Consuming a high calcium milk drink, with or without 
magnesium lead to a reduction in serum PTH and even serum CTX when contrasted to calcium 
phosphate (Green, Booth and Bunning, 2003). Although it is important to state that there is a large 
disparity between the uses of calcium salts and milk, primarily due to its composition. This includes the 
presence of lactose, protein and fat which trigger a release of gastrointestinal hormones associated with 
feeding milk instead of calcium salts.   
 
1.8.1.1.2 Calcium and the athlete 
Calcium intake for athletic populations is commonly reported in young athletes and adolescents due to 
its importance in PBM attainment (Weaver et al., 2016). Calcium and BMD is also of specific interest to 
sport nutritionists supporting female athletes partaking in aesthetic sports such as ballet (Amorim, Wyon 
and Maia et al., 2015) or weight-control sports such as distance running (Melin et al., 2015). This is due 
to the risk of osteopenia in the female athlete triad (Williams, Statuta and Austin, 2017) or relative 
energy deficiency in sport (RED-S) (Mountjoy et al., 2014).   
 
The current recommendations for UK adults is 700mg/d, and higher in adolescent females (800mg/d) 
and males (1000mg/d) (British Dietetic Association, 2019) due to the crucial bone formation stage 
during puberty. National diet and nutrition survey (NDNS) indicate that young adults within the age 
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group of 20-29 on average achieve 103% of their current recommended nutrient intake (RNI) of 
700mg/d, with males (119%) achieving more than females on average (97.1%) (Derbyshire, 2018). 
University athletic populations and young adult athletes have also been found to have a higher intake of 
calcium when contrasted to controls (Hoogenboom et al., 2009; Dlugoleç et al., 2011). Furthermore, it is 
recommended that athletes should have an increased intake of calcium due to an increase in dermal 
calcium losses. Thus, the International Olympic Committee (IOC) have suggested that athletes should 
consume 1500mg/d of calcium to optimise their bone health and account for these potential dermal 
losses (Maughan et al., 2018). 
 
 Male endurance athletes were subjected to a 35km cycling time trial under different calcium 
supplementation scenarios (delivering a total of 1000mg in different dosages before or during exercise). 
It was concluded that calcium supplementation before exercise attenuated the disruption of PTH 
although there was no disruption to CTX, Ca2+ and BAP (Barry et al., 2011). This was also reflected in 
an Australian study on well trained cyclists whom after consuming a calcium-rich meal attenuated the 
exercise induced rise of PTH and CTX (Haakonssen et al., 2015). Although, both of these studies did 
not report participant’s baseline calcium levels (Haakonssen et al., 2015) or dietary intake (Barry et al., 
2011), which makes it difficult to interpret as larger disruptions could be attributed to an insufficient 
calcium intake or circulating levels.  Furthermore, the use of a chewable calcium gum failed to mimic 
these findings in their cyclists, the authors suggested that this could potentially have occurred due to 
timing before exercise rather than calcium itself (Sherk et al., 2017).  Therefore, further research is 
warranted into the supplementation of calcium and the preservation of skeletal stores through a 
reduction in bone degradation markers.   
 
There is minimal research into the adequacy of calcium intake within UK young adult cohorts, 
specifically within the University and student sporting populations. This is alarming due to the negative 
impact it could potentially have upon bone health, specifically in female athletes. It is therefore 
recommended a varied diet incorporating calcium-rich foods from dairy and non-dairy alternatives be 
advised by sport nutritionists specifically for younger and female athletes (Maughan et al., 2018).  
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1.8.1.2 Vitamin D 
Vitamin D is essential for bone health, this is because it directly influences calcium absorption through 
the intestine and kidneys. In the absence of the active form of vitamin D (1,25(OH)2D) calcium 
absorption can be limited to 12.5% of total dietary intake (Aloia et al., 2010). When serum 25(OH)D 
levels are in excess of, or equal to 75nmol/L it estimated that ≥30% of calcium can be absorbed 
(Larson-Meyer, 2015).  A meta-analysis assessed the relationship between vitamin D with or without 
calcium supplementation (Reid, Bolland and Grey, 2014) and bone mineral density in healthy adults 
however, this found little benefit for vitamin D. Although this meta-analysis showed an improvement of 
the femoral neck, there were no further improvements in other skeletal sites associated with vitamin D 
supplementation.  
 
Few studies explore the relationship between vitamin D supplementation and bone health within athletic 
or healthy populations. This is in spite of several elucidating that vitamin D status is imperative for bone 
health and the potential prevention of stress fractures/ injury in athletic populations (Ruohola et al. 
2006; Davey et al., 20; Lappe et al., 2008; Carswell et al., 2018). Stress fractures account for 0.7-20% of 
injuries reported within athletic populations and notoriously require some of the longest recovery time 
for a musculoskeletal injury (Sharma and Heagerty, 2017). Thereby making it a priority for athletes and 
support staff to ensure optimal calcium and vitamin D intake to minimize the risk of suffering a stress 
fracture, which can have serious impact upon an athlete’s career and even military personnel due to a 
reduced mobility or failure to complete training. In addition to this, optimising vitamin D status through 
adequate intake (including calcium) can have positive effects upon bone health in athletes competing in 
weight restricted sports, such as young Jockeys (Silk et al., 2015; Wilson et al., 2013).  Therefore, 
obtaining an optimal vitamin D status should be a priority for all athlete groups; from recreational to the 
elite.  
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1.8.1.3 Protein 
Protein is a highly controversial area of nutrition regarding bone health, this is because there is a theory 
that a high protein intake may lead to osteopenia caused by the proposed demineralisation of calcium 
from bone (Darling et al., 2019). Bone is composed of 33% protein, the matrix of which is comprised of 
protein covered in crystalline minerals. Many studies have endeavoured to elucidate whether protein has 
a positive or detrimental effect upon bone. However, due to a large heterogeneity in the population 
groups used, confounding factors such as a variation in calcium intake and the utilisation of different 
bone measurement methods makes it difficult to determine the true effects of protein upon bone. In 
addition to this there is a large heterogeneity in the intake of protein across different population groups 
across the globe, which could confound the data further considering some countries such as the UK 
often exceed their recommended protein requirements (Darling et al., 2010).  Protein reference nutrient 
intake is currently set at 0.75g/kg/day (BNF, 2012), which the UK population in general tends to exceed 
by 17-18% for adults (NDNS, 2016), therefore with the general and athletic population exceeding 
protein intake recommendations it is imperative to determine whether bone is adversely affected by this 
macronutrient. This was explored recently by a coherent systematic review and meta-analysis critically 
examining studies on dietary protein intake and bone health (Darling et al., 2019). The authors 
concluded that there is no benefit to be gained from minimising protein intake (including plant and 
animal) for bone health. However, this review highlighted that more investigations are required on the 
inter-relationship between bone health and protein intake due to the lack of large-scale intervention 
studies and varying protein intakes within under-investigated population groups such as adolescents and 
young adults.  
 
Dietary protein is associated positively with bone health through its ability to increase the secretion of 
insulin-like growth factor 1 (IGF-1), a mediator of tissue anabolism that stimulates growth of multiple 
cells. Dietary protein sources rich in L-arginine were found to be effective at increasing growth 
hormone release thereby increasing IGF-1 (Bihuniak and Insogna, 2015). Arginine supplementation 
alongside exercise is potent at increasing growth hormones as opposed to consumption at rest (Kanaley, 
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2008). The growth hormone IGF-1 is known to stimulate osteoblasts thereby improving bone mass 
through an upregulation of bone formation.   
Another proposed mechanism in which protein influences bone is that it may increase the uptake of 
calcium from the gut, which in turn will optimise bone formation (Ilich and Kerstetter, 2000). Contrary 
to this, protein may negatively impact bone health due to an increase in acid load, which is well known 
to affect bone due to metabolic acidosis or alkalosis (Dolan and Sale, 2018). Animal proteins are high in 
sulphur which generate a high acid load resulting in a reduction in blood and urinary pH (Frasetto et al., 
2018). To compensate the onset of metabolic acidosis induced by high sulphur foods bone is resorbed to 
releasing Ca2+ through the urine to restore pH levels.  
 
Few studies have examined the effects of protein on bone health in athletic populations, this is due to 
the addition of yet another confounding factor; exercise. An increased protein intake is generally 
required to meet the higher demands imposed by an increased energy expenditure, musculoskeletal 
repair and adaptation to training loads (Phillips, 2012). Exercise can also adversely affect bone as it has 
been suggested to increase serum PTH levels immediately following acute bouts of exercise (Scott et 
al., 2011; Scott et al., 2014), therefore, resulting in bone degredation. It is suggested that this is to 
compensate for extra calcium losses through sweat during exercise (Barry et al., 2011). This coincides 
with the excess urinary calcium that may potentially be expelled, particularly as for every 40g of dietary 
protein consumed urinary calcium losses increase to roughly 50mg (Kerstetter et al., 2003).  
 
1.8.1.4 Fruit and vegetables 
An adequate intake of fruits and vegetables have long been promoted as part of a healthy diet however, 
in addition to providing a variety of micronutrients it may also benefit skeletal health. This relationship 
is due to the contribution to the acid and base balance as a base precursor. Acid-base homeostasis within 
the human body is tightly controlled between a pH of 7.35 and 7.45. This is regulated by the buffering 
or neutralisation of plasma proteins and other tissues, such as bone. The excretion of protons (H+) and 
reabsorption of HCO3- by the kidneys and elimination of CO2 from the respiratory system through the 
lungs are mechanisms mobilised to prevent metabolic acidosis by a build-up of H+ levels. Within a low 
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pH (acidotic) environment of 7 and 7.2 calcium bicarbonate is released from bone following its 
degradation by the activation of osteoclasts, similarly acidosis will prevent the mineralisation of the 
bone collagen matrix (Frassetto et al., 2018). Conversely, a higher (alkaline) pH optimises osteoblast 
action. Diet can contribute to the acid-base balance thereby influencing bone health if there is a long-
term consumption of acid-inducing foods, such as the typical ‘Western’ diet (Lambert et al., 2015). 
Acid-inducing foods include animal meat and meat products, cheese, fish and bread.  Alkaline-inducing 
foods include fruit and vegetables (Della Guardia, Roggi and Cena, 2016). This therefore, contrasts to 
our ancestral diet which consisted more of plant based (alkaline) foodstuffs (Jehle et al., 2006). A high 
acidic diet may also contribute to impaired renal function by placing more strain upon them to excrete 
the H+ ions caused by mild metabolic acidosis (Bonjour, 2013). The principle dietary contributors to 
acid load are foods rich in sulphur amino acids, phosphorus and chloride. Alkaline foods are those that 
are high in potassium and magnesium salts of organic acids such as potassium bicarbonate (KHCO3) 
and potassium citrate (KCitr). Examples of the potential renal acid load (PRAL), a common calculation 
utilised to determine the yield of renal net acid excretion (NAE) caused by common fruit and vegetables 
was determined in the early 90s (Remer and Manz, 1995). NAE is considered to be a better predictor for 
acid-base status in elderly subjects as described by Shea and Dawson-Hughes (2018). A meta-analysis 
of the effects of alkaline potassium salts upon bone health found there were no effects upon bone 
density although both salts lowered predictors of bone resorption (NTX) and urinary calcium excretion. 
Longitudinal randomised controlled trials revealed that there was little effect of alkaline salt intake upon 
the prevention of bone loss (MacDonald, 2008; Gregory, 2015). The evidence is conflicting as it is 
largely dependent upon the population utilised; a pilot study in osteopenic women KCitr reduced CTX 
although this was within a small sample size and they only saw a distinguishable difference in women 
whom presented with a lower pH at baseline (Granchi et al., 2018).  
 
Departing from the effects of salts upon bone health, diet is an important modifiable factor that can have 
both a positive and detrimental influence for bone density and acid-base balance. A review on the 
dietary patterns of multiple populations and measurable bone outcomes showcased the importance of 
healthy dietary patterns upon bone (Movassagh and Vatanparast 2017). It considered the effect of 
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multiple cultural differences in diet and its subsequent effects upon bone, from a traditional Iranian, 
Greek or Korean to the traditional Western and Mediterranean diets. It highlighted that studies 
examining the relationship of bone and high fat/ sugar/ processed food intake-that is common in a 
western diet- were associated with lower femoral neck and lumbar spine BMD (Hardcastle et al., 2011). 
Not only this, but within the UK socio-economically deprived locations play an important role in 
determining risk of acidosis, specifically older adults (>65 years) residing at northerly regions presented 
with a greater prevalence of non-endogenous acid production (NEAP) compared with the London/ 
South-Eastern boroughs (Gannon et al., 2008). This was discussed to be likely due to a lower intake of 
fruit/ vegetables and a high intake of beef/ veal in the northern diet. Thereby, these studies highlight the 
importance that a diet with a varied intake of fruit and vegetables, whole grains, poultry and fish, nuts 
and legumes, low-fat dairy products etc. are imperative to health.  
 
1.8.2 Physical activity and exercise 
Physical activity is not classically associated with bone health, this is because the key information 
relayed upon maintaining bone health and bone mass accrual is focussed primarily upon (in) adequate 
nutrition as a modifiable factor. However, much research into BMD and physical activity/ exercise has 
revealed that it can play a vital role in not only bone mass attainment but also maintenance, which 
should be a focal point for menopausal women and older adults. Position statements have been released 
by the American College of Sports Medicine (ACSM; Bloomfield et al., 2004) and the UK’s Royal 
Osteoporosis Society (Weaver et al., 2016) both highlighting the importance of exercise for bone mass 
development and overall health.  
For children and adolescents, one of the key goals is to achieve an optimal PBM. It has been observed 
that children who are more physically active present with a higher bone mass. This was demonstrated 
that a high activity regime such as ball games 3 times a week for school-aged children improved 
musculoskeletal health and more importantly areal bone mineral density (aBMD) and BMC in 
comparison to the control group (Larsen et al., 2018; Manske et al., 2009). This is also reflected in 
studies investigating children who regularly partake in high impact sports such as gymnastics from an 
early age when contrasted to controls (Nurmi-Lawton et al., 2003).  This is because ground-reaction 
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forces whilst jumping from a high height such as in gymnastics can generate forces that are potentially 
10-15 times body weight and roughly 6-8 times body weight during jumping. Whilst moderate exercise 
such as walking or jogging is only one to two times body weight (Gray, 1993). However, there are 
specific types of exercise that have been proven to be more effective at increasing BMD attainment than 
others, such as high impact exercise like jumping. A group of pre-pubertal school children underwent a 
training programme that included jumping from a 61cm box experienced a significantly greater 7-month 
change at the femoral neck and lumbar spine than the control group (Fuchs et al., 2001). A review of 
randomised controlled trials (RCTs) revealed that the exercise-induced gains over a 6-month 
programme at the femoral neck and lumbar spine ranges from 1-6% pre-puberty and 0.3-2% for 
adolescents (Nikander et al., 2010) thereby highlighting that pubertal status is a limiting factor when 
advising physical activity programmes for this life stage.  
 
Weight bearing physical activity throughout the life cycle is important, specifically within adult 
populations where the principle goal is bone mass attainment. Alike younger populations the only 
exercise that has proven most effective is that involving high impact and resistance exercise although 
this may occur to a lesser extent for adults. Most of the research focusses upon pre- and post- 
menopausal women due to the accelerated bone loss attributed to oestrogen depletion (Santos et al., 
2017). An example is the resistance longitudinal training programme over 2 years imposed upon pre-
menopausal women within the USA. An observed increase in the inter-trochanter hip site was attributed 
to the progressive resistance training (Kerr et al., 2001).  Whilst there are few studies looking at middle-
aged men NHANES data suggested that men whom reported they went for a jog more than 9 times in a 
month had higher BMD levels than those who jogged on fewer occasions (Mussolino et al., 2001).  
 
There have been few RCT studies investigating the effects of multiple exercise programmes in older 
adults (50s and above) in relation to bone mass attainment/ maintenance. Although Allison and 
colleagues (Allison et al., 2013) reported that an increase in high impact loading such as jumping can 
improve femoral neck BMD and geometry. This was also unique as they used a within-subjects uni-
lateral comparison between legs to limit confounders such as lifestyle and genetics. It is key to note that 
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moderate exercise, such as walking can be also effective at reducing risks of fractures later in life, as 
discussed in the Nurses’ Health Study (Feskanich et al., 2002). Women who reported they walked for 
more than 4 hours per week had a significantly lower risk of hip fracture than those who walked for less 
than 1hour a week. Therefore, maintaining a physically active lifestyle may not only be protective of 
muscle mass but it may also potentially lessen risks of fractures later on in life which are a medical 
burden upon our national health, specifically when hip fractures alone cost the UK a total of £1.1 billion 
(Leal et al., 2016).  
1.8.3 Body composition 
There is little research to determine the direct effect of total body fat and lean mass upon bone 
composition and density. This is due to multiple confounding factors such as malnutrition, physical 
activity and genetics. Although a higher birthweight is commonly associated with other morbidities later 
on in adult life there seems to be a positive association with bone mineral composition. This was 
discussed in a systematic review examining the relationship between whether child birth weight is 
associated with bone mineral density in adulthood of the hip and body composition (Baird et al., 2011). 
Total body fat has also been identified as a good indicator of skeletal health in the past, this is because 
the higher total body mass would place a greater mechanical load upon sites such as the lumbar spine 
and hip (Ng et al., 2013).  In other extremes, such as anorexia nervosa, characterized by severe low 
body weight has a deleterious effect upon bone health affecting both the trabecular and cortical bone 
(Misra and Klibanski, 2014).  
  
1.8.4 Smoking 
Smoking is a key lifestyle factor that could be potentially modified to reduce risk of osteoporosis or 
osteoporotic fractures later on in life. Smoking is associated with lower BMD, it is also suggested that 
the effects of smoking are cumulative over time. The biological mechanisms underlying this negative 
relationship are attributed to the local and systemic toxic effects of smoking upon bone collagen 
synthesis, alterations in metabolism of adrenal/gonadal hormones (Baron et al., 1995), and decreased 
calcium absorption efficiency amongst smokers (Krall and Dawson-Hughes, 1991). It has been 
hypothesised that the decrease in calcium absorption may be due to altered circulating levels of the 
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adrenal cortical hormones, which are precursors of oestrogen and testosterone.  Thus, post-menopausal 
women who smoke are at an elevated risk of osteoporosis due to oestrogen losses (Cusano, 2015). In 
addition to this there is evidence to suggest that there is an increased rate of bone loss associated with 
those that were current or ever smokers when contrasted to non-smokers (Ward and Klesges, 2001). 
Although it could not be determined whether this was the case according to menopausal status due to 
the lack of studies reporting upon the rate of change in bone mass. Not only does research suggest that 
smoking plays a significant role in bone loss but it more importantly increases risk by 26% of suffering 
a fracture (Vestergaard and Mosekilde, 2003). Thus, a lower BMD is of a particular concern for 
smokers, particularly as bone health is directly related to osteoporotic fracture.  
 
1.9 Bone health within university athletes 
Bone health within elite and professional sports has been widely explored in previous research, 
particularly within female athletes whom are of specific concern due to the negative effects of the 
female athlete triad (Tenforde et al., 2018; Tenforde et al., 2016; Beals and Hill, 2006). The female 
athlete triad has also been adapted to include male athletes and athletes that continue to restrict energy 
alongside overtraining, this is because they are also at significant risk of developing osteoporosis this 
new clinical assessment tool is referred to as: relative energy deficiency in sport (RED-S) (Mountjoy et 
al., 2018).  
  
Research on University athletes is predominantly within USA cohorts (Mudd et al., 2007) investigating 
high- (Taffee and Marcus, 2004) or low-impact (Lee and Kim, 2015) sports in comparison to healthy 
controls. Few studies exist within European cohorts investigating the effects of a University competitive 
season and training upon bone mineral quality or density. This was reflected in a systematic review 
investigating the effects of high impact sports such as gymnastics. Gymnasts presented with a higher 
BMD in comparison to controls in young adults (Jürimäe et al., 2018). Swimming and diving (both of 
which are non-weight bearing) athletes presented with a lower total body, lumbar spine and pelvis BMD 
when contrasted to a gymnast group within another female-only cohort of USA University athletes 
(Mudd et al., 2007). Their control student cohort had consistently lower BMD and BMC when 
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contrasted to the athlete groups, thereby illustrating the importance of sport participation (including non-
weight bearing sports) for musculoskeletal health. However, this study only examined predictors of 
bone density rather than bone turnover markers throughout a season which could have been informative 
for the swimmer’s group. This is because a systematic review discussed that swimming may be 
protective of bone mass and in fact lowers fracture risk in young adults due to an increased bone 
turnover when contrasted to controls (Gómez-Bruton et al., 2013).   
 
A large University cohort (n=212) from the USA on female athletes partaking in a variety of different 
sports and assessed from pre- to post-season over a 3-year time period (Stanforth et al., 2014). Notably, 
significant changes were seen from year 1 pre-season to year 3 post-season within the loading groups; 
basketball, track and volleyball for pelvic and spine BMD when contrasted to controls and swimmers 
(by up to 6% change in BMD).   Moreover, it was also discussed that whole-body BMC increased over 
the seasons for basketball, soccer and track athletes (changes of 3%).  It is also of interest to note that 
when adjusted for body mass and ethnicity the only differences shown between the female swimmers 
and healthy controls was a higher arm BMD. The swim group also presented with a significantly lower 
spine and total BMD when contrasted to controls. This is of particular interest as it illustrates the 
potential changes that may occur in BMD from pre- to post-season within University female athletes 
and the deleterious effects partaking in a non-loading sport may have upon BMD. Although, yet again 
bone turnover markers were not measured within this study which would have been of particular interest 
across the training seasons. This would have provided further information on the bone health of the 
athletes and account for changes in bone mass. Not only is bone density improved due to partaking in 
University sport but bone geometry has been shown to improve as a result of regular physical activity. 
This was shown in a pQCT study assessing the tibial quality of over 200 female University athletes 
competing in a variety of different loading groups. The athletic group presented with a thicker cortical 
area at the distal end of the tibia and total area in the tibial shaft when contrasted to a control group of 
students (Nikander et al., 2010).  Competitive University sport participation has been shown to have a 
beneficial impact on bone health in females when contrasted to inactive healthy controls. (Fehling et al., 
1995; Taffee and Marcus, 2004; Egan et al., 2006). 
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It is well established that BMD differs between sports but then again it can also differ between players 
of different positions within one particular sport. This is shown within a Turkish collegiate cohort of 
American footballers, offensive linemen had a higher whole BMD and spinal BMD when contrasted to 
defensive linemen, defensive and offensive secondary players (Turnagöl, 2016). Granted, the offensive 
linemen had a higher body fat percentage and higher BMI when contrasted to other positions, which is 
an important contributing factor to BMD. However, this could also be attributed to the multiple 
repetitive collisions this particular position within American Football entails during both training and 
competition (Fullaghar, Cunn and Murray, 2017). These findings were also reflected within another 
study from the USA examining the physiological differences between collegiate American football 
positions (Bosch et al., 2017). These athletes are required to make hard collisions on the pitch and thus 
have a higher impact placed upon their skeleton when contrasted to defensive backs whom are required 
to be fast sprinters (Edwards et al., 2018). BMD can also differ between limbs of the same individual, 
this is commonly seen within unilateral sports where a dominant arm or leg is utilised, such as racket 
sports. Contralateral comparisons revealed that the dominant arm of tennis players had improved grip 
strength, BMC and total bone volume vs the non-dominant in both males and females (Ducher et al., 
2005; Haapasalo et al., 1994). Furthermore, contralateral comparisons in lower limb measurements 
mirrored these findings; dominant leg BMD was higher vs the non-dominant for male collegiate 
footballers (McClanahan et al., 2002). Upper body BMD was also greater in the dominant arm of male 
and female collegiate tennis players and golfers (McClanahan et al., 2002).  
 
There is limited evidence using a male-only University-level athletic cohort. This could be attributed to 
the female athlete triad and other health concerns such as reduced energy intake which can have 
negative connotations to bone health in female athletes (Beals and Hill, 2006).  Of the few identified, 
male athletes participating in ‘heavy athletics’, team sports or trained sport students had a higher BMD 
than inactive controls and cyclists (Platen et al., 2010). This was also shown in a clinical review on bone 
health in young athletes there is a lack of literature on male cohorts at the recreational level (Tenforde et 
al., 2011). Although professional and elite athletes also mirror the findings from collegiate studies; 
weight bearing athletes partaking in sports such as Karate and racket (Tervo et al., 2010) exhibit a 
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higher BMD versus non-weight bearing sports such as water polo or inactive controls (Andreoli et al., 
2001).   
 
Upon review of the current literature, the bone health and quality of University-level athletes is not 
dissimilar to their elite or professional peers. This is because bone density is largely dependent upon 
modifiable lifestyle factors particularly during the vital bone accrual years where physical activity plays 
an important role. Current research suggests that despite limited support received for nutrition or 
coaching often observed within a University or recreational athlete population these athletes in fact 
mirror findings from studies in professional sport. This is because BMC/BMD is dependent upon the 
nature of the sport that an individual participates in, from an aesthetic sport such as ballet or long 
distance running to non-loading sports such as swimming. It could be attributed to a relatively active 
lifestyle during childhood (Larson et al., 2018) and during the essential PBM attainment years, 
particularly during puberty. It could also be attributed to an athlete’s dedication to their respective sport. 
To compete at collegiate level in the USA an individual would have experience at playing their sport 
throughout high school, particularly if their University competes in the higher divisions of the NCAA 
(national collegiate athletic association). Evidence from high impact sports such as gymnastics (Nurmi-
Lawton et al., 2003) or elevated activity levels in early life could be the foundation for an improved 
bone quality and quantity in early adulthood (Mackelvie and Khan, 2002). A prime example is the sport 
of gymnastics; high training volumes are required at early life stages (6-9 years) due to a relatively 
young peak performance age (Granacher and Borde, 2017). Although the literature on University 
athletes fails to report the training history of their University athletes which would be of much interest 
to distinguish whether participating in sport at University-level is protective of bone or whether their 
bone health is a product of an active lifestyle during childhood or adolescence. Not only this, it would 
be beneficial to control for whether the non-impact athletes also trained or competed in other sports that 
could thereby influence their bone accrual during childhood/ adolescence as discussed by Lee and Kim 
(2004). 
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In conclusion, studies examining University level athletes should focus upon previous training history 
within their respective sport discipline, specifically if their current designated sport is non-weight 
bearing. Nutrition practices should also be explored as there is minimal data amongst this specific 
population group for vitamin D and calcium intake, which are essential for bone health particularly as 
this group has minimal nutrition support unlike professional athletes. It would also be of interest to 
recruit from a University cohort within the northern hemisphere such as in the UK where University 
sport is becoming as competitive as the USA. Finally, evidence from USA cohorts suggest that 
University-level athletes have an improved bone profile when contrasted to healthy or inactive controls 
although further research is warranted across competitive young adult populations residing within 
Europe.   
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Physiological Role in Sport 
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2.1 Overview  
Interest in vitamin D has risen significantly over recent years (as demonstrated in Figure 2.1). This is 
due to its numerous roles in human health, particularly due to its integral associations with skeletal 
health. During the industrial revolution, the large prevalence of the debilitating bone condition known as 
Rickets was rife across northern Europe. This was due to the air pollution and cheap housing, where 
buildings were built within close proximity. However, the benefits of sunlight and subcutaneous 
exposure was only established in the 1920’s when surgeons discovered that exposing children with 
rickets to a mercury arc lamp (Hess and Gutman, 1921) significantly improved the forearm 
radiologically. Later it was discovered that through the supplementation of UVB exposed oils to animals 
prevented rickets. This vitamin was named ‘vitamin D’ and subsequently due to its successes amongst 
animal studies it was added to the human diet by supplementation. This was made possible through the 
use of UV radiated feed to cows or through the exposure of milk to radiation (Holick, 2013), following 
the successful finding of its chemical structure vitamin D was directly added to milk in the early 1930s. 
Although rickets is considered to be more of a historical disease, it has in fact been reported to be in 
resurgence particularly within the UK (Girgis et al, 2013).  
 
 
 
 
 
 
 
 
 
 
 
Figure 2.1 The number of publications on “vitamin D” per annum (Accessed Online: PubMed). 
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Recent interest in vitamin D has risen specifically in the sporting world, this is because of its potential 
role in athletic performance such as cardiovascular health, muscular strength and even aerobic fitness 
(Dahlquist et al., 2015). Research has indicated that vitamin D is associated with cardiovascular health 
(Weishaar & Simpson, 1987). This was first discussed in the 1980s following the analysis of vitamin D 
deficient rats whom showed a change in cardiovascular function, including an increase in the contractile 
response of smooth muscle and even hyper tension. It is also associated with musculoskeletal health, 
which is attributed to the presence of vitamin D receptors (VDRs) in both cardiac muscle and vascular 
tissue, this may partially contribute to associations that have been found between VO2MAX and vitamin D 
status, particularly for those with a higher status versus participants whom are deficient (<30nmol/L) 
(Jastrzebska et al., 2018).  
 
2.2 Vitamin D  
2.2.1 Structure  
Vitamin D is unique as it is not a ‘vital amine’ by definition; it acts as a pro-hormone and has a 
secosteroid structure, which is similar to that of cortisol and aldosterone (Figure 2.2). It is also not a 
‘true’ vital amine because the primary source of vitamin D is not through the diet but through 
subcutaneous sunlight exposure to ultraviolet B (UVB) irradiation. Vitamin D is also an overarching 
term for two separate forms; vitamin D2 (ergocalciferol) and vitamin D3 (cholecalciferol). Ergocalciferol 
is formed from the UV irradiation of ergosterol, a steroid found in plants such as funghi, its structure has 
an additional double bond between the 22nd and 23rd carbon atoms with a methyl group on carbon atom 
24 when compared to cholecalciferol. Both types vitamin D are available to humans as part of a normal 
lifestyle from ambient UVB exposure and dietary intake. The term ‘vitamin D’ unless specified 
otherwise refers to both vitamin D2 and vitamin D3 throughout the Thesis. 
 
 
 
 
 
 
Figure 2.2 Structure of both forms of vitamin D adapted from SACN (2016). 
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2.2.2 Metabolism  
Following skin exposure to solar UVB radiation, wavelengths of 290-315nm are absorbed by proteins 
DNA, RNA and 7-dehydrocholesterol (a precursor of cholecalciferol). This causes for the b-ring to open 
up and form previtamin D3. Due to its instability, previtamin D3 is rapidly converted to D3 as it is quickly 
ejected out of the plasma membrane into the extracellular space (Wacker and Holick, 2013) and 
circulated throughout the body mediated by vitamin D binding protein (DBP), transporting it to storage 
tissues such as the liver and adipose tissue.  
 
Vitamin D can also be obtained through the diet, therefore following dietary uptake at the ileum or 
jejunum vitamin D is transported through chylomicrons, transfer can sometimes occur between DBP 
and chylomicrons. However, due to vitamin D being transported via chylomicrons it can be rapidly 
cleared and as almost 40% are bound to chylomicrons and 60% to DBP (Haddad et al., 1993) these 
attribute to a loss in total vitamin D absorbed. Whereas, vitamin D formed in the epidermis is 100% 
bound to DBP and also remains roughly 2-3 times longer within the circulatory system. Another benefit 
of sunlight obtained vitamin D is the fact that humans are highly unlikely to reach toxicity levels due to 
an innate upper limit of 15% of total 7-dehydrocholesterol that can only be converted to previtamin D3 
during one specific time point. Therefore, further exposure will lead to the formation of by-products 
such as lumisterol and tachysterol (Wacker and Holick, 2013) which have no effects upon calcium 
homeostasis. Although this is highly controversial as through the encouragement of exposing bare skin 
to sunlight to enhance vitamin D metabolism in the epidermis may increase a person’s risk of skin 
cancer. Moreover, vitamin D intoxication is highly unlikely through supplementation. This is because 
participant intakes as high as 50,000 IU/day (or 1250 µg/d) for prolonged periods of time did not 
present with hypercalcemia or other toxicity-related conditions (Holick, 2015). The safe upper-limit 
guideline for vitamin D supplementation within the UK was set at 4000 IU/d (100µg/d) (SACN, 2016) 
for adults (>19 years).  
  
 
  Vitamin D & it’s Physiological Role in Sport 
 49 
Following the absorption into the circulatory system and uptake into storage tissues such as the liver, 
activation of vitamin D occurs when it is hydroxylated at the liver mediated by the hepatic enzyme 25-
hydroxylase producing 25-hydroxyvitamin D2 or D3 (25(OH)D2/D3). 25(OH)D is the main circulating 
metabolite of vitamin D and widely used to determine vitamin D status in clinical practice, this is also 
bound to DBP. Calcitriol is traditionally not used to determine vitamin D status because of its short half-
life (between 4-6 hours) and the direct influence of PTH on its expression (Holick, 2009).  25(OH)D is 
further hydroxylated in kidneys at the 1-position through renal 1-α hydroxylase to the active; 1,25-
dihydroxyvitamin D2/D3 (1,25(OH)2D2/D3) or Calcitriol, which is closely regulated by parathyroid 
hormone (PTH) concentrations (Bikle, 2014). Unbound free calcitriol is taken up by target cells and 
either rapidly metabolised or bound to vitamin D receptors (VDRs) thereby enabling it to enter target 
tissues such as the classically associated actions on bone or non-classic such as the immune cells 
(presented below in Figure 2.3).  
 
Figure 2.3. Vitamin D synthesis and metabolism pathway. Taken from Owens et al. (2014) 
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2.2.3 Function  
One of the primary biological functions of calcitriol is to maintain circulating calcium and phosphorus 
levels within the restricted normal reference ranges of 2.2-2.6mmol/L and 0.8-1.4mmol/L, respectively. 
It functions in unison with PTH to maintain serum calcium through its direct effects upon the kidney, 
intestine and bone through the absorption of calcium from the intestine. In addition to this PTH and 
vitamin D can stimulate the resorption of bone and retention of calcium or phosphate at the kidney 
contributing to the homeostasis of circulating calcium and phosphorus.  
 
Alongside its close relationship with calcium, vitamin D also plays a vital role within skeletal muscle 
which became apparent after the discovery of VDRs in muscle tissues in mice (Li et al., 1997). There is 
also evidence that active vitamin D (1,25(OH)D) can increase the calcium influx from the sarcoplasmic 
reticulum in muscle cells and thus has a direct effect upon muscle contraction (Girgis et al., 2013). 
However, this is yet to be found in vivo, further research is required to identify the location or presence 
of these VDRs and the direct function of vitamin D in human skeletal muscle function. 
 
2.3 Vitamin D status and requirements  
2.3.1 Vitamin D intake & requirements in the UK  
There are limited sources of vitamin D within the human diet, particularly foods that have a large 
vitamin D availability on average per serving. In addition to this intake is limited within the UK due to 
the lack of fortification imposed. Unlike Finland who have successfully fortified liquid milk products 
and fat spreads since 2003, which in turn has positively influenced their public health by substantially 
improving 25(OH)D status (Jääskeläinen et al., 2017). On average, Finnish consumers of these products 
were found to reach vitamin D status of >50nmol/L in 2011. Vegetarians are at significant risk of not 
meeting their recommended nutrient intake (RNI) as key vitamin D food sources are derived from 
animal products and meats, as shown in Table 2.1. Furthermore, vegans are at an even greater risk due 
to their dietary restrictions. An example of this is that vegans may potentially not want to consume 
vitamin D3 supplements as these are synthesized by the UVB irradiation of 7-DHC (from sheep’s wool; 
lanolin) (Bikle, 2009), which most companies use for their vitamin D supplements rather than D2 made 
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from funghi.  It is therefore suggested to use vitamin D and calcium fortified dairy-product alternatives 
to ensure vitamin D sufficiency and a greater importance is placed upon these individuals to obtain 
subcutaneous vitamin D during the summertime.   
 
Table 2.1 Dietary sources of vitamin D content. Adapted from the Royal Osteoporosis Society (2018) 
 
There have been recent advances regarding the requirements for vitamin D within the UK following the 
latest publication from SACN by the Department of Health (SACN, 2016) updating and increasing the 
RNI for UK dwelling adults (19-64 years) from 0 to 10μg/d. Vitamin D intake remains minimal from 
the diet, with men and women on average consuming 3.9 and 3.4 µg/d respectively (NDNS, 2014).  
This could potentially be attributed to the population not eating high sources of vitamin D, such as fish. 
    
  
Portion size 
 
Vitamin D content/portion 
(g/portion) 
Grilled Herring 1 fillet 119g 19.2 
Canned Pink Salmon in Brine 1 small can 100g (drained) 13.6 
Grilled Salmon 1 fillet 170g 13.3 
Grilled Kipper Fillet 1 fillet 130g 13.1 
Grilled Rainbow Trout Fillet 1 fillet 155g 12.7 
Smoked Mackerel 1 fillet 150g 12.3 
Malted Hot Drinks 1 mug 25g 4.6 
Cooked Crab 1 small can 75g 3.5 
Tinned Sardines in Tomato Sauce 1 small can 100g 3.3 
Scrambled Eggs/ Plain Omelette 2 eggs 120g 3.3 
Build-up Powdered Sachet (Shake) 1 sachet 38g 1.7 
Fortified soya milk 1 glass 200ml 1.6 
Boiled Chicken’s Egg 1 egg 50g 1.6 
Fortified Cornflakes and Bran Flakes 1 portion 30g 1.4 
Grilled pork chop 1 chop (no bone) 75g 0.6 
Corned Beef 1 thick slice 50g 0.6 
Grilled Bacon Rashers 2 middle rashers 80g 0.5 
Fortified Low-Fat Spread, 
Polyunsaturated 1 tsp 5g 0.4 
Baking Fat/Margarine 1 tsp 5g 0.4 
Grilled or Fried Pork Sausages 1 sausage 40g 0.4 
Fried Lamb’s Liver 1 portion 40g 0.4 
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The current dietary advice is set at 1-2 portions of oily fish per week, whereas only according to data 
presented by the NDNS less than a quarter of the UK population surveyed consume oily fish. However, 
this recommendation is conservative in comparison to other EU countries such as the German speaking 
countries who suggest 20μg/d for adults that do not attain sufficient sun exposure (EFSA, 2016).  In 
addition to this it has come to light that 10 µg/d may not be adequate enough to raise serum 25(OH)D 
status >50nmol/L in 97.5% of the UK population; 30.9 µg/d may be more realistic as a true RDA 
(Cashman, 2018). 
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2.3.2 Defining vitamin D status; deficiency or sufficiency?  
Serum 25(OH)D is the universally accepted indicator for vitamin D status in humans, however there is 
much discussion within the science community regarding what constitutes serum 25(OH)D deficiency, 
adequacy and an ‘optimal’ status. This current disagreement is illustrated by the fact that the three 
governing bodies in the UK (SACN), Europe (EFSA) and the US (IOM) have set out contradictory 
guidelines (Department of Health, 2016; EFSA Report, 2016; Ross et al., 2011). For adults, it is 
suggested by the IOM and EFSA that serum/plasma 25(OH)D concentration of <30nmol/L constitutes 
deficiency, whereas in the UK this threshold is set at <25 nmol/L (SACN, 2016). Moreover, the IOM 
suggests a 25(OH)D status of ≥50nmol/L is desirable to attain in individuals aged >1 year, whereas in 
Europe the Endocrine Society suggest an elevated cut-off of ≥75nmol/L and a higher cut-off for 
deficiency at 50nmol/L (Holick et al., 2011).  In addition to this there is a disagreement on what entails 
serum/plasma 25(OH)D adequacy for overall health. Not only this but what constitutes overall health, 
from bone mineral density to dental health and fracture prevention. A table has been devised to illustrate 
the current global guidelines regarding vitamin D (Table 2.3). Experts in the field are not only conflicted 
upon vitamin D status, but are also in disagreement regarding the amount of vitamin D required on a 
daily basis (Table 2.2) to maintain an optimal 25(OH)D status at their optimal threshold. 
 
 
 
 
 
 
 
 
Table 2.2 Estimates of the minimum serum 25(OH)D levels suggested by experts in the field for 
fracture prevention and the doses of vitamin D3 needed to achieve them. Taken from Dawson-Hughes et 
al., 2005.  
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Table 2.3 Table of the vitamin D supplementation guidelines published since 2010 for different countries across the globe.  
 
 
 
Notes:    EVIDAS: European Vitamin D Association 
Adapted from Pludowski et al., 2018
       
 Countries 
Target 
population 
Conditions 
Age  
(years) 
Oral vitamin D 
(g/d) 
25(OH)D 
(nmol/L) 
Institute of Medicine USA, Canada General Bone health 
<1 
1-70 
>70 
10 
15 
20 
>50 
Endocrine Society USA General Risk of deficiency 
0-1 
1-18 
>19 
10 
15-25 
38-50 
>75 
Vitamin D opinion Leaders (EVIDAS) Central Europe 
General 
 
 
Women 
General health 
0-6 months 
1-18 
>18 
16-45 
10 
10-15 
20-50 
38-50 
>75 
DACH Countries Aus/Ger/Switz General Bone health 
<1 
>1 
10 
20 
>50 
GULF Countries UAE 
General 
 
 
 
Women 
General health 
0-6 months 
6-12 months 
1-18 
19-65 
16-45 
10 
10-15 
15-25 
20-50 
38-50 
>75 
American Geriatrics Society USA Elderly Falls, fractures >75 25+ >75 
Scientific Advisory Committee on Nutrition UK General Risk of deficiency 
 
4-64 
0-<12months 
1-<4 
 
10 
8.5-10 
10 
N.S 
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2.4 Factors affecting vitamin D status  
2.4.1 Season and latitude  
Homo sapiens evolved at the equator in Africa over 100,000 years ago, where sunlight was in 
abundance. Therefore, dark skin was imperative to protect the dermis from the damages caused 
following UV irradiation. As humans migrated North and South of the equator skin pigmentation 
changed according to their migration, this is arguably due to the reduced amount of solar radiation 
(Chaplin and Jablonski, 2009). Thus, skin pigmentation grew lighter due to the reduction in melanin, 
which absorbs ultraviolet radiation. To account for this change in latitude, human skin evolved paler the 
further north/south they travelled to optimise the production of vitamin D by permitting UVB radiation 
to reach the epidermal cells in the skin.   
 
 
The ozone layer absorbs roughly 99% of the UVB radiation with wavelengths from 291 to 320nm, 
which is the principle reason why latitude affects cutaneous vitamin D3 synthesis. As the further away 
from the equator an individual resides the further the path-length of solar UVB has to travel through the 
ozone layer. Thereby minimising the number of photons reaching the earth’s surface. The changes in the 
formation of pre-vitamin D3 throughout the seasons and days across the globe is depicted in Figure 2.4. 
Therefore, individuals living above or below 40º of the equator are at risk of a low vitamin D status 
during the winter, particularly if stores are not maintained through diet or supplementation, as illustrated 
in Figure 2.5.  
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Figure 2.4. Graph to illustrate the change in the formation of pre-vitamin D3 throughout the seasons and 
days across different cities of the globe. A and C represent the cities from the northern hemisphere; 
Boston (52N), Edmonton (52N), Bergen (61N). B and D represent cities from the southern 
hemisphere; Johannesburg (26S), Buenos Aires (34S), Cape Town (35S) and Ushuala (55S) and the 
influence of season and time on this. Source: Holick, Lu and Chen (2009).  
 
 
Within the UK, the vast majority of the population is suggested to be unable to synthesise vitamin D3 
from mid-October to the beginning of April (Webb and Holick, 1988). Which excludes those who go on 
sun-holidays during the UK wintertime and frequent users of sun-beds. During the summer months, the 
effective UVB radiation occurs from mid-morning (11:00) to mid-afternoon (15:00). Therefore, those 
that remain indoors for work between these times are also at risk of not synthesizing a sufficient 
summer-time status to ensure vitamin D stores are optimal during the winter. As the majority of people 
reside and work predominantly indoors during the day for education or work this contributes to the 
global epidemic of vitamin D insufficiency or deficiency (Cashman et al. 2016).   
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Figure 2.5 The influence of seasonal and geographical location on the prevalence of 25(OH)D 
<40nmol/: in the UK. Taken from Hypönnen and Power (2007).  
 
2.4.2 Ethnicity and skin exposure  
The skin is the only organ system within the human body that is capable of synthesising active vitamin 
D. However, it is unknown whether the skin has any biological effects upon the endocrine actions of 
calcitriol or calcidiol. Melanin is the pigment primarily responsible for skin colour. It competes for 
UVB radiation and thereby reduces the amount of radiation available for the cutaneous production of 
pre-vitamin D3. Melanocytes produce the pigment melanin, deposited in melanosomes within the 
cutaneous epidermal cells. These melanosomes are responsible for protecting the human cell nucleus 
and, subsequently, DNA from ultraviolet radiation which could induce genetic mutations. Therefore, a 
person with a darker skin type of VI requires at least 5-10 times longer exposure to UVB compared to a 
person with skin type II due to this protective mechanism according to Fitzpatrick’s sun-reactive skin 
typing table presented below (Fitzpatrick, 1988; Holick, 2017).  
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Table 2.4 Sun reactive skin types 
 
   
 Skin Type Sunburn Tan 
White I Yes No 
 II Yes Minimal 
 III Yes Yes 
 IV No Yes 
Brown V No Yes 
Black VI No Yes 
    
Modified from: Fitzpatrick (1988) 
 
As a result, ethnic groups with darker skin pigmentations, residing at higher latitudes, are at higher risk 
of deficiency and require a longer exposure time or higher dose of UVB, in contrast to those with paler 
skin (Clemens et al., 1982). In addition to this, culture has an important impact upon vitamin D 
synthesis as religious clothing or “covering up” is detrimental to vitamin D synthesis. Year-round 
vitamin D deficiency (<25 nmol/l) is not uncommon in South Asian women (Darling et al., 2013), 
specifically those who are veiled or partially veiled (revealing only hands and face). This is because 
clothing acts a barrier and prevents or significantly impairs the formation of pre-vitamin D3. This could 
also be applied to those who wear layers to complete outside activities (such as gardening or sports) 
during the spring and summer months due to mild temperatures.  
 
Similarly, the regular practice of sunscreen application or direct sun avoidance can adversely affect 
vitamin D synthesis, due to the increased awareness of skin cancer. Although converse to this common 
practice it has been found that an optimal vitamin D status could be protective against cancer (SACN, 
2016). Sunscreens were devised to absorb UVB rays, where SPF refers to ‘sun protection factor’ a 
sunscreen of 30 SPF would be expected to absorb 95-98% of UVB radiation (Wacker and Holick, 
2013). Thereby, limiting the amount of subcutaneous pre-vitamin D3 that can be produced by an 
individual. This was demonstrated in the 1980s, where US farmers applied sunscreen everyday suffered 
from a lowered vitamin D status when contrasted to the control group whom did not use sunscreen prior 
to going outdoors (Matsuoka et al., 1988).  
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Although recent evidence from reviews discuss that in fact sunscreen does not decrease 25(OH)D 
concentrations when applied to a real-life field setting (Neale et al., 2019). Moreover, studies suggest 
that when applying SPF15 can successful inhibit sunburn, whilst allowing a significant improvement in 
25(OH)D3 status. In addition to this, it was discussed that an SPF15 with high ultra-violet radiation A 
(UVA; 315-400nm) protection, in fact, further improved 25(OH)D3 production due to the enhanced 
UVB transmission to the epidermis during a sun holiday in Tenerife (Young et al., 2019). Further 
research in the area is also in agreement with the aforementioned studies (Neale et al., 2019; Young et 
al., 2019) and further elucidate that sunscreen use may not be to blame for a lowered vitamin D status 
following traditional ‘sun holiday’ visits. Researchers should consider the photoprotection habits 
individuals may recruit within their cohort, such as seeking shade, wearing long sleeved or protective 
clothing. These practices are often seen within countries such as Brazil, where individuals may ‘cover-
up’ to prevent tanning or burning, specifically those that are of skin type I, in comparison to IV thereby 
negatively influencing their vitamin D status (Moraes-Mendes et al., 2019). 
 
2.4.3 Adiposity  
Vitamin D is fat soluble and can be sequestered in adipose tissues (Pourshahidi, 2015), thus a greater 
adiposity is associated with a lowered 25(OH)D status due to the uptake of circulating 25(OH)D to 
storage tissues such as the liver and adipocytes. This was demonstrated by Hypönnen and Power (2007) 
who found a higher proportion of the obese (>30kg/m2) participants had a 25(OH)D status of 
<25nmol/L relative to non-obese populations. A recent meta-analysis found a positive association 
between vitamin D deficiency and obesity in all age groups (Pereiera-Santos et al., 2015). Furthermore, 
obese subjects presented with a 35% higher incidence of vitamin D deficiency when contrasted to 
healthy groups. They also presented with a greater incidence of deficiency when contrasted to 
overweight subjects by 24%.   
 
A lowered vitamin D status may also be associated with an increased risk for metabolic syndrome (Mitri 
et al., 2014). However, the direct link between adiposity and vitamin D status is still under scrutiny as 
often vitamin D status and obesity studies remain weakly associated. Therefore (considering a western 
Vitamin D & it’s Physiological Role in Sport 
 60 
lifestyle) it could be argued that vitamin D deficiency in obese populations is multi-aetiological. 
Resulting from an interrelationship between working predominantly indoors, a lack of outdoor physical 
activity and “covering up” exposed skin, in conjunction with increased vitamin D storage (Palaniswamy 
et al., 2017).  
 
2.4.4 Genetics  
Genetic predisposition may also play a vital role in vitamin D status. Evidence is emerging from family 
and twin studies that the heritability for circulating 25(OH)D concentrations could be as high as 65% 
(Karohl et al., 2010 and Hunter et al. 2001). Following these findings there has been much interest upon 
single nucleotide polymorphisms (SNPs) amongst the population and its influence on serum 
concentrations of 25(OH)D. The SNPs identified by McGrath et al. (2010) review of literature include 
one SNP in CYP27B1 (rs10877012), two in GC (rs4588, rs7041), which encodes DBP and one in VDR 
(rs10735810). With research still uncovering physiological limiting factors that could potentially inhibit 
an optimal vitamin D status in healthy individuals, it is ever more apparent that vitamin D status is not 
limited to sociological issues. Not only this, but personalised vitamin D supplementation may be the 
future where these genetic mutations are accounted for when implementing a supplementation strategy 
by medical practitioners.  
 
2.5 Vitamin D status in athletic populations  
Current research indicates that 25(OH) D concentrations of athletic populations are significantly 
deficient or insufficient in accordance to the IOM standards (<30nmol/l). This is supported by studies 
conducted at different latitudes, including Australia (Peeling et al., 2012), USA (Halliday et al. 2010), 
the Middle East (Hamilton et al., 2010) and within the UK (Owens et al., 2014). In addition to this, 
previous literature has illustrated that an insufficiency in 25(OH) D is prevalent across a multitude of 
sports including football (Hamilton et al., 2014), basketball (Bescos Garcia & Rodriguez Guisado, 
2011) and skiers (Lombardi et al., 2010).  
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The status of athletes is also dependent upon the training environment for the sport, Halliday et al. 
(2011) reported that 60.6% of their 41 college athletes (12 indoor, 29 outdoor) during the winter months 
were ‘insufficient’ in accordance to their cut-off points (<80nmol/l). Indoor athletes had a significantly 
lower 25(OH)D concentration in autumn (99.6 nmol/l) when compared to outdoor athletes (133 nmol/l). 
However, it is key to note that they recruited a small number of participants (n= 25), ethnicity wasn’t 
specified and it was carried out in Central America, latitude: 41.3 º. Peeling et al. (2013) recruited a 
larger population of indoor (n=36) and outdoor (n=22) athletes in Australia (Lat: 31.9 º) and found those 
training indoors had a significantly lower summertime 25(OH)D status than outdoor (90nmol/l vs 
133nmol/l). However, a limitation of this study was that neither supplementation nor total dietary intake 
of vitamin D was specified. This could have been a confounding factor for total 25(OH)D levels as only 
4.2% participants were deficient according to their cut-off point (<50nmol/l) and 15.3% presented with 
insufficiency (<80nmol/l). These are notably high cut-off points when contrasted against the IOM 
standards. Given the lack of guidelines regarding the optimal vitamin D status in healthy adults, there is 
much inconsistency between scientific findings, as studies state different cut-off values without 
sufficient rationale. Peeling et al. (2013) and Halliday et al. (2011) are key examples of this, reporting 
different cut-off values for insufficiency, inadequacy and deficiency, and providing limited evidence to 
support the specific use of these values. The interpretation of results is therefore difficult and 
consequently systematic reviews have expressed 25(OH)D in participants as a concentration as opposed 
to status in their athletic populations (Todd et al., 2015). Whereas other reviews excluded studies due to 
an inconsistency in cut-off values, specifically values for vitamin D ‘deficiency’ (Morton et al., 2012).  
Limited research has been based upon collegiate level athletes, with the majority of studies focussing on 
international (Pollock et al., 2012) and professional athletes (Close et al. 2013). One of the studies 
conducted within the UK noted 64% of their professional athletes had a winter-time vitamin D level of 
<50nmol/L (Close et al, 2013). However, blood samples were collected over a varied time frame 
(between October and April) and are therefore unlikely to accurately represent winter-time vitamin D 
status; some participants may have been measured at their highest vitamin D levels in October as 
according to the UK seasonality.  
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2.6 Physiological roles of vitamin D in sport  
2.6.1 Bone health  
It is well established that vitamin D has a significant influence on bone health and mineralisation, with 
the majority of research focussed upon elderly populations and fall prevention within an ageing 
population. However, bone health is often overlooked in an athletic population and in young athlete’s 
peak bone mass attainment is paramount to ensure that they do not become at risk of osteoporosis later 
on in life. Particularly, for girls whom are at an elevated risk due to the reduction of oestrogen during 
menopause, attributing to an acceleration in bone loss throughout the menopause (Finkelstein et al., 
2008).  
 
2.6.1.1 Loading and non-loading  
Bone is not inert, it is continuously remodelled through the recruitment of osteoblasts and osteoclasts. 
Bone structure can also be altered by forces placed upon it according to Wolff’s law (as aforementioned 
in 1.5) therefore, increasing the load through physical activity can improve bone strength in a site-
specific manner. Previous studies have shown that different training modalities enhances bone quality 
(Weidauer et al., 2014). There are three particular types of physical activity which prove more superior 
to other methods in enhancing bone strength, this includes strength training that incorporates large load 
volumes, high impact exercise and plyometrics (Gregov and Sala, 2014; Martyn-St James and Carroll 
2010). 
 
Due to the non-weight bearing characteristics of particular sports, it can place the athlete at risk of 
lowered bone density. Athletes such as swimmers and cyclists are at risk of low bone mineral density 
(Mudd et al., 2007) due to the non-loading modality of these sports. Female athletes that partake in 
aesthetic sports are also at significant risk of low bone mineral density, this is because it is a significant 
contributor to the female athlete triad (ACSM, 2007) in conjunction with menstrual dysfunction and 
energy restriction. Therefore, emphasis should be placed on promoting a strength and conditioning 
programme that incorporates strength training to actively load sites compensating for the lack of loading 
their sport-specific training would provide.  
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Previous literature exploring the interrelationship between vitamin D and bone density in athlete’s 
report that there is no association between deficiency and bone health in their athletes (Allison et al., 
2014; Halliday et al., 2011). Few studies have identified the association between vitamin D status and 
the geometrical changes in bone, therefore even though no alteration in density was reflected there could 
potentially be changes to bone composition.  
 
2.6.1.2 Stress fractures  
There is emerging evidence to suggest the importance of vitamin D for stress fracture prevention. Stress 
fractures commonly occur in the tibia, tarsal bones, metatarsals, femur and fibula. These can be 
attributed to a sudden increase in physical activity, decreased lower extremity strength, lowered bone 
density and a history in menstrual disturbance (Moran et al., 2013). Stress fractures have been reported 
most commonly within prospective studies on military recruits, and attributed to the increased physical 
activity during intensive training programmes. Davey and colleagues (2016) reported 92 stress fractures 
in 7% of UK royal marines during recruitment training and found a low 25(OH)D status was associated 
with an increased risk of stress fractures. This is consistent with other prospective military-based stress 
fracture incidence investigations across the world, such as Finland (Ruohola et al. 2006) and the USA 
(Lappe et al., 2008).  
 
If applied to elite athletic population’s stress fractures will directly affect training and competition. 
However, there is lacking evidence exploring the relationship between stress fractures and vitamin D 
supplementation or status in athletes. This is because it would be difficult to determine whether the 
cause was in fact vitamin D deficiency and not one of the many variables which can attribute to a stress 
fracture, these includes; dietary intake, smoking, age and amenorrhea in female participants (Mayer et 
al., 2014). A group found that a higher consumption of calcium, skim milk, milk and servings of dairy 
products daily lowered the incidence of stress fractures in their female distance runners by 68% (Nieves 
et al., 2010). Vitamin D intake also predicted improvements in spine and hip BMD among their cohort 
measured through the use of DXA scans. This was also reflected within a study conducted by 
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Sonneville et al. (2013) when adjusted for confounders the highest quintile of vitamin D intake had a 
50% lower risk of stress fractures when compared to those who were in the lowest. Although, there was 
no evidence of a protective association between dairy intake and stress fracture risk. In accordance to 
this there was no association between frequency of injury and vitamin D status reported by Halliday et 
al. (2011) in their collegiate athletes. Therefore, further research is justified within this area exploring 
the effects of vitamin D and Calcium intake or vitamin D status on stress fracture prevention in athletic 
populations (both male and female).  
 
2.6.2 Muscle health 
Apart from the classical properties of vitamin D, there is emerging evidence to suggest it plays a 
significant role in muscular function. Research into the potential benefit of vitamin D on muscular 
strength was initiated following the discovery of VDRs in skeletal muscle fibres (Hamilton, 2010). A 
proposed mechanism of vitamin D is through an increase in the sensitization of calcium binding sites at 
the sarcoplasmic reticulum (Girgis et al., 2013). Whereas, other research has shown that it may also 
influence muscle growth and differentiation, in particular type II muscle fibres. Sato et al (2005) 
observed the atrophy of type II (fast-twitch) skeletal muscle fibres following muscle biopsies in vitamin 
D deficient female elderly subjects (deficiency cut off point; <25nmol/L). Although it is key to note that 
this author has been widely discredited for concerns regarding the manipulation of data 
(Cerebrovascular Diseases, 2017). Thus, this article was retracted by the journal and as these results 
have not been reproduced it is feasible that the data were manipulated.  
 
It has been found in elderly populations that insufficiency can potentially lead to a higher incidence of 
falls, stress fractures, sarcopoenia, muscle weakness, and even cognitive decline (Tanner et al. 2015). 
However, there is much speculation regarding whether an insufficient vitamin D status within athletic 
populations can inhibit physical performance. Therefore, research needs to focus upon the mechanisms 
of vitamin D on musculoskeletal function in healthy adults and the effect of supplementation on fibre 
types within athletic populations and its potential detrimental effects upon muscle power 
output. Previous research has demonstrated improvements in muscular function using the measurement 
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of isokinetic dynamometry following supplementation with vitamin D (Owens et al., 2014) although 
this was only demonstrated in deficient participants, using the IOM cut-off point for deficiency: 
30nmol/l. Parallel to this, a systematic review with meta-analysis identified 7 studies where baseline 
serum 25(OH)D levels were lower than what is deemed ‘adequate’ by the IOM (<50nmol/l), although 
this was not exclusive to athletic populations (Tomlinson et al., 2015). Outcome measures varied 
between these studies, including isokinetic dynamometry, leg/chest and bench press and isometric 
quadriceps contractions. The meta-analysis revealed that vitamin D supplementation improved upper 
and lower muscular strength and even muscular power.  
 
There have been minimal studies that explore the effect of vitamin D supplementation on muscular 
power. Close et al. (2013) reported a significant improvement following supplementation of vitamin D3 
(5000IU/d or 50 μg/d) on subjects 10m sprinting times and vertical jump height, for which type II 
muscle fibres would be recruited due to their explosive power. Although predictors of muscular strength 
showed no improvement and their supplemented group had a lower 25(OH)D status at baseline versus 
the placebo group. Other studies saw no such improvement and thus, the prospective ergogenic effects 
may only be exhibited in athletes with a significant deficiency or insufficiency (Close et al., 2013, 
Fitzgerald et al., 2015; Forney et al., 2014; Von Hurst et al., 2014). Further investigation is warranted 
into the relationship between vitamin D status and muscular strength in a larger group of athletic 
individuals, and additional consideration should be made for baseline 25(OH)D status. This would allow 
greater insight as to whether vitamin D is essential for muscular power and strength.  
 
2.6.3 Immune function 
Interest in exercise immunology has significantly increased over the past 30 years, this is due to the 
numerous investigations examining the prevalence of upper respiratory tract infections (URTI) in 
athletic and control populations and the associations between sport/ exercise and immunology.  It has 
been discovered that immune function can be negatively influenced through over-training, 
psychological stressors, disrupted sleep patterns and poor nutrition (Walsh et al., 2011).  Therefore, to 
cope with high training loads it is essential for athletes to obtain adequate sleep, nutrition and maintain a 
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healthy immune system. Amongst the many roles vitamin D plays upon the human body there is a 
distinguished association between vitamin D and illness. Information from the British birth cohort study 
elucidated that with a higher vitamin D status, likely reached during the summer months, the incidence 
of respiratory infections was reduced (Figure 2.6).  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.6:      25(OH)D (nmol/L) concentrations [  ] and the incidence of respiratory  
infections [ ] in the 1958 British birth cohort. Taken from Berry et al., 2011.  
 
This is because VDRs are present in many cells of the immune system, such as lymphocytes and 
neutrophils which can up regulate anti-microbial peptides (AMP). These cells are important regulators 
of innate immunity and can down regulate pro-inflammatory cytokines, such as tumour necrosis factor-
alpha (TNF-alpha) and interleukin-6 (IL-6). In conjunction with this it can also up-regulate the 
production of anti-inflammatory cytokines such as interleukins-4, -10 and -13 (Larson-Meyer, 2015). 
More recent advances have also discovered that these immune cells express the enzyme 1-α- 
hydroxylase (CYP27B1), therefore they have the ability to convert 25(OH)D to 1,25(OH)D (He et al., 
2016). This conversion can also be caused by the activation of toll-like receptors (TLRs), which detect 
pathogens causing an immune response in either the innate or adaptive immune system.  
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Innate immunity is significantly affected by circulating 25(OH)D, which places importance upon 
monitoring this circulating metabolite rather than it’s ‘active’ form; 1,25(OH)D. Cathelicidin, an 
antimicrobial protein, production is dependent upon 25(OH)D (shown in Figure 2.7). This is because 
TLRs are activated causing for the upregulation of VDRs, which therefore induce the transcription of 
vitamin D responsive genes leading to the production of cathelicidin. This was replicated in a recent UK 
collegiate athlete study, athletes were provided with a vitamin D3 supplement (15μg/d) or placebo for 14 
weeks to examine the effects upon salivary secretory immunoglobin A (SIgA) and cathelicidin. Salivary 
SIgA and plasma cathelicidin concentrations significantly increased over time (He et al., 2015). The 
same group also found collegiate athletes that exhibited a higher 25(OH)D status also presented with a 
significantly higher cathelicidin level when compared to those whom were classed as vitamin D 
‘deficient’ (<30nmol/L). Athletes in the ‘deficient’ group as a result of this reported a higher incidence 
of upper respiratory tract infection (URTI), of a longer duration and with a higher perceived severity 
score in contrast to athletes that had a higher vitamin D status (He et al., 2013). Therefore, vitamin D 
insufficiency or deficiency is associated with a risk of illness or URTI.  Indeed, it has been replicated in 
other studies that low vitamin D status is associated with an increased frequency of URTI in athletes 
(Laaksi et al. 2007 and Willis et al., 2012) and even within collegiate athletes from the USA (Halliday 
et al. 2011). Further research is warranted on URTI incidence and vitamin D, particularly for the 
definition of an optimal status to prevent URTIs in both an athletic population and within military 
personnel.  
 
 
 
 
 
 
 
 
Figure 2.7.  Cathelicin production following the activation of TLRs and vitamin D  
(Taken from He et al., 2016) 
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2.6.4 Aerobic fitness/capacity  
Due to the presence of VDRs within cardiac muscle and vascular tissues it is proposed that 1,25(OH)D 
may have a positive influence upon maximal oxygen uptake (VO2MAX) (Neal et al., 2015). Although the 
mechanism remains unclear, it could potentially be due to CYP enzymes which are haem-containing 
proteins (Sugimoto and Shiro, 2012). Previous literature has failed to identify whether supplementation 
of vitamin D has a significant impact upon cardiovascular fitness, this is because there is a high 
variability in subjects recruited into these studies and the interventions performed, as highlighted in 
Dahlquist et al. (2015).  
 
To our knowledge, there have only been two studies performed on vitamin D supplementation and its 
exclusive effects on aerobic capacity, these were performed by the same group (Jastrzebski, 2014 and 
Jastrzebska et al., 2016). Although Jastrzebski (2014) used a high dosage of vitamin D3 on their elite 
light-weight rowers when contrasted against previous randomised controlled trials; 6000IU/d (150μg/d) 
for 6 weeks. However, vitamin D was taken in conjunction to a high-intensity training programme and 
an increase in aerobic capacity was exhibited in both the placebo and supplemented groups (10.3% and 
12.1%, respectively). Therefore, this improvement could be attributed to the training programme or 
other variables that weren’t mentioned in the study, such as dietary intake prior to the fitness testing. 
Baseline serum vitamin D status for both supplemented and placebo groups were not reported in this 
study, therefore it would be difficult to establish whether this population benefited significantly through 
supplementation due to deficiency or insufficiency. Such as that exhibited in Owens et al., 2014 
whereby only those insufficient demonstrated an improvement in muscular strength.  
 
Further investigation on the ergogenic effects of varying vitamin D dosages in athletes is required to 
establish its potential role on aerobic capacity. This is because there appears to be a positive correlation 
with maximal oxygen uptake and serum vitamin D status amongst the few athletic populations 
examined (Forney et al., 2014; Jastrzebski et al., 2014; Jastrzebski et al., 2016; Fitzgerald et al., 2014).  
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2.6.5 Cardiovascular health in athletes 
The Research in relation to cardiovascular function and vitamin D was first discussed in vitamin D 
deficient Sprague-Dawley rats; where the vitamin D deficient group exhibited higher contractile 
responses of isolated cardiac and vascular smooth muscle, even hypertension (Weishaar and Simpson, 
1987). Vitamin D deficiency has been found to be associated with cardiovascular disease (CVD) (Heath 
et al., 2019). However, more longitudinal and RCTs are required to establish the relationship between 
vitamin D supplementation and cardiovascular disease (Fry and Saunders, 2015; Schöttker et al., 2013) 
 
As a result of training, athletes would be expected to present with a different cardiac morphology often 
referred to as the ‘athlete’s heart’ in literature when compared to their inactive counterparts. For 
example, those who partake in dynamic exercises such as long-distance running would be anticipated to 
have an increase in cardiac output, driven by an elevated stroke volume and lower heart rate (McCardle 
& Katch, 2010).  Therefore, the physiology of the heart is dependent upon the modality of sport, age, 
ethnicity, genetics, body composition and the use of ergogenic aids.  Although research has not focussed 
upon the direct effects of vitamin D supplementation on healthy cardiac morphology, however research 
conducted in 506 Qatar international athletes found that those with severely deficient or deficient 
25(OH)D status present with small aortic root, right atria, left atria diameters, intraventricular septum 
diameter, left ventricular diameter and left ventricular mass (Allison et al., 2015). This is likely to have 
further implications; such as a reduction in stroke volume, thereby affecting cardiac output. Therefore, 
this study highlights that these could be the key mechanisms behind a diminished aerobic capacity as 
discussed previously (Jastrzebski et al., 2014). This remained significant when controlling for body 
composition, age and ethnicity for left atrium, intraventricular septum during diastole, left ventricular 
diameter during diastole, left ventricular mass and left ventricular volume during diastole (Allison et al., 
2015). Although it did not control for the training modality amongst the athletes and it was not specified 
by the authors which athletic group presented with a lower 25(OH)D status; football, handball, 
volleyball and basketball. Thus, the extent of how vitamin D status may directly influence the athletic 
heart remains undetermined.  
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2.7 Physical demands of university sport  
Sport at University and college is an integral part of many students’ experience with 183 institutions in 
the UK hosting weekly BUCs (British Universities and Colleges Sport) competitions across 47 different 
disciplines, equating to approximately 29,000 individual entries in 2014/5 (BUCS, 2019). Regular 
training and competition occurs predominantly throughout the autumn and winter terms (September to 
February) with competitions terminating at the end of February or early March. Whilst few studies have 
investigated the physical demands of University sport within the UK, we would expect to see a 
significant rise in students planned physical activity levels due to weekly competition and training. 
Therefore, changes in body composition and physical fitness are likely to occur (Chandler et al., 2014).  
 
 
2.8 Summary of thesis rationale  
 
Although there is much evidence relating to elite level athletes within the UK and their vitamin D status 
there is insufficient information relating to collegiate athletes and their risk of vitamin D deficiency. 
Early findings from lower latitudes within the USA (Halliday et al., 2011; Fitzgerald et al., 2014; 
Villacis et al., 2014) would suggest that there is a significant need to promote more awareness of 
vitamin D insufficiency across the younger healthy populations within the UK.  
 
Given that there is a lack of evidence regarding the collegiate athletic population there is a need for 
determining whether, like elite and professional athletes, they too are at risk of insufficiency during 
winter within the UK. Furthermore, it would be valuable to establish the impact vitamin D status has on 
muscular strength and power, aerobic fitness and the incidence of injury or illness in this population. 
Finally, as there is also a lack of evidence regarding bone health and geometry across a multitude of 
loading and non-loading sports in University-level athletes. Therefore, this study will provide evidence 
for the incidence of vitamin D inadequacy within athletic population and the possible negative 
implications it has upon health and wellbeing.  
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2.9 Thesis chapter aims and hypothesis 
 
Chapter 3 
Aim 1: To assess the prevalence of vitamin D insufficiency (<50nmol/L)/ deficiency (<25nmol/L) in 
University level athletes throughout the competitive season 
Aim 2: To evaluate the associations between vitamin D status, bone health and physical performance. 
Hypothesis: University level athletes would be vitamin D insufficient in the spring term with an adverse 
effect upon physical performance and predictors of bone health.  
Chapter 4 
Aim 1: Determine the effects of regular University sport training on the relationship between vitamin D 
status and physical performance in young active adults. 
Aim 2: Examine the associations between seasonal changes in vitamin D status and physical 
performance.  
Hypothesis: Both athletes and healthy control students will present with a sub-optimal (<50nmol/L) 
vitamin D status during the spring, thereby adversely affecting predictors of physical performance. 
Chapter 5 
Aim 1: Examine the differences in bone biochemistry, bone quantity and quality between loading and 
non-loading University athletes 
Aim 2: Evaluate the associations between seasonal vitamin D status and predictors of bone health. 
Hypothesis: Loading athletes will present with a superior bone health (including greater bone mineral 
density and content) when compared to non-loading athletes. Moreover, Vitamin D status may 
negatively impact predictors of bone health between the groups.  
Chapter 6 
Aim 1: To investigate the contralateral differences in bone mineral density or bone composition within 
the dominant arms of racket sport athletes and healthy age-matched controls 
Aim 2: Identify any associations between vitamin D status and bone health in both groups. 
Hypothesis: Racket sport athletes will have superior bone mineral density and content in the dominant 
arm when contrasted to the control group. 
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3.0 Introduction 
Vitamin D research within athletic populations has become increasingly popular, this could be attributed 
to its numerous roles in human health and its potential role in athletic performance (Dahlquist, Dieter & 
Koehle, 2015). An appropriate vitamin D status is most commonly associated with skeletal health and 
the prevention of osteoporosis (Dahlquist et al., 2015). However, vitamin D has also been associated 
with cardiovascular health (Weishaar & Simpson, 1987), as it was shown that vitamin D deficient rats 
presented with an increased contractile response of smooth muscle and hypertension. Vitamin D is also 
associated with musculoskeletal health, through the presence of vitamin D receptors (VDRs) in both 
cardiac muscle and vascular tissue which may partially contribute to associations between VO2MAX and 
vitamin D status, particularly for those with a higher vitamin D status versus participants whom are 
deficient (<30nmol/L) (Girgis et al., 2013, Jastrzebska, Kaczmarczyk, and Jastrzebski, 2016).  
 
As UVB exposure is a primary source of vitamin D (Wacker & Holick, 2013), latitude plays a vital role 
in vitamin D status individuals living above or below 40º of the equator are at risk of low vitamin D 
status. Thus, within the UK (latitude ranging from 49.5-60.5ºN) the population is unable to synthesize 
vitamin D from mid-October to the beginning of April (Webb & Holick, 2013). Dietary sources that 
have a large availability of vitamin D per serving are limited, and as the most abundant sources of 
vitamin D are animal based, the increase in athletes following a vegetarian or vegan diet (Rogerson, 
2017) places a greater importance upon obtaining vitamin D through subcutaneous exposure. 
 
Recent evidence has emerged that physically active populations might be at risk of developing vitamin 
D insufficiency (<50nmol/L) (Farrokhyar et al., 2015), similar to the UK population (Cashman et al., 
2016) despite additional support. One potential reason for this risk is that many highly active individuals 
and athletes spend large amounts of time indoors competing and training and therefore receive limited 
year-round sunlight exposure (Wacker & Holick, 2013). This idea is supported by evidence from studies 
conducted at different latitudes, including Australia (Peeling et al., 201, USA (Halliday et al., 
2011;Villacis et al., 2014), Europe (Koundourakis et al., 2014;Bescos Garcia et al., 2011) and the UK 
(Close et al., 2013; Owens et al., 2015). Previous literature has also illustrated that an insufficient 
vitamin D status is prevalent across a multitude of sports such as basketball (Koundourakis et al., 2014), 
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football (Hamilton et al., 2014), dance/ gymnastics (Wyon et al., 2014), skiers (Lombardi et al., 2011), 
military recruits (Davey et al., 2016) and jockeys (Allison et al., 2015).  
 
The potential role of vitamin D in muscular strength and power is currently under much speculation as 
there are indications that sensitisation of calcium binding sites at the sarcoplasmic reticulum increased 
by vitamin D (Girgis et al., 2013), or that it may influence muscle growth and differentiation; in 
particular muscle type II fibres (Allison et al., 2015). Research into the use of vitamin D as an ergogenic 
aid has demonstrated no improvements in muscular function (Lewis, Redzic & Thomas, 2013), unless 
the participants presented with severe deficiency (<12.5 nmol/L) (Wyon et al., 2014). Due to the large 
heterogeneity of studies on predictors of muscular strength, the ergogenic effects of vitamin D remain 
unclear (Farrokhyar et al., 2015).  
 
In an athletic population, and in younger athletes bone health often is not considered to be a factor of 
interest. It is well established that vitamin D has a significant influence upon bone health and 
mineralisation, although the majority of research focusses upon falls and fracture prevention in elderly 
participants rather than athletic populations. Research examining vitamin D and its association with 
bone mineral density (BMD) did not find any associations in athletic populations (Allison et al., 2015; 
Lewis, Redzic and Thomas, 2013). There is however emerging evidence to suggest that a low vitamin D 
status is associated with an increased risk of stress fractures in military recruits residing within the UK, 
USA and Finland (Davey et al., 2016; Lappe et al., 2008; Ruohola et al., 2006). However, there is 
currently a lack of evidence relating to bone quality (bone mineral content; BMC) and its relationship to 
vitamin D in University level athletes residing in the UK. 
 
Although there is evidence relating to elite level athletes within the UK and their vitamin D status, this 
is not the case for University athletes and their risk of vitamin D deficiency. Elite athletes also receive 
considerable support for nutrition, while University level/amateur athletes do not and therefore vitamin 
D deficiency may be more prevalent within this population.  
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3.1 Aims  
The purpose of this study therefore was to evaluate the prevalence of vitamin D insufficiency/deficiency 
in University level athletes throughout the competitive season and the changes exhibited by season. A 
secondary aim was to evaluate the associations between vitamin D status on markers of bone health and 
physical performance in indoor and outdoor athletes. We hypothesized that University level athletes 
would be vitamin D insufficient in the spring term with an adverse effect upon physical performance 
and predictors of bone health.  
 
3.2 Methods 
3.2.1 Subjects  
A total of 37 males (20.4 ± 1.6 years, 24.2 ± 3.2 kg/m2) and 20 females (20.0 ± 1.4 years, 22.6 ± 3.2 
kg/m2) were recruited into the study. All participants were University level athletes attending the 
University of Surrey (51.2ºN). Participants were included if they trained for ≥4 hours/week for their 
respective sports and competed in the national British Universities and Colleges Sports (BUCS) 
competition representing the University of Surrey. Exclusion criteria were: BMI of <18kg/m2, the 
regular use of sun beds or sun holidays between October and February, the regular consumption of 
supplements containing vitamin D, pregnancy or any medical disorder that would affect vitamin D 
status (such as hypercalcaemia; >2.5mmol/L). Participants were classified as either indoor or outdoor 
athletes on the basis of their sport and principal training location. The study was approved by the 
University of Surrey Ethics committee and adhered to the Declaration of Helsinki. All participants 
provided written informed consent to take part in this study. 
 
3.2.2 Study design 
This observational study assessed vitamin D status throughout the competitive sporting season (BUCS) 
at the University of Surrey, which typically runs from October to April. Participants’ vitamin D status 
and dietary intake, bone health and physical performance were assessed in autumn (October/November 
2015) and in the following spring (February/March 2017) (Appendix II: Schematic Diagram 1).  
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3.2.3 Screening 
Before inclusion into the study participants were informed about the study protocol and were requested 
to complete a health-screening questionnaire to assess suitability before recruitment into the study 
(Appendix II). This included vitamin D specific questions such as sun holidays, the daily intake of 
supplements and the regular use of sunbeds. It was also used to establish their ethnicity, general health 
and wellbeing such as medical conditions that could be exacerbated by the exercises they will complete 
in the trial and alcohol intake. Participants were also asked whether they were planning any sun holidays 
abroad during the next 12 months to control for UVB exposure.  
 
3.2.4 Protocol 
Autumn and spring observation test periods consisted of three separate test days, which were performed, 
in the same order at baseline and post observation. On day one subjects provided written informed 
consent after which body composition and bone quality analysis were performed. On the second day, 
participants were expected to attend the lab fasted for blood sample collection and muscular strength 
assessment using handgrip and isometric dynamometry. On the third and final day, aerobic fitness and 
countermovement jump (CMJ) were assessed. Self-reported 5-day food diaries were also collected to 
assess calcium and vitamin D intake.  
 
3.2.5 Anthropometric measurements 
Height was measured using a fixed stadiometer, weight and body composition were obtained using a 
Tanita Body Composition Analyser MC-180MA (Tanita Cooperatives, Japan). Subjects were instructed 
to stand on the device wearing light clothing and barefoot. The participant’s sex, age and height were 
entered into the machine prior to the body composition measurement.  
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3.2.6 Bone mineral content (BMC) and bone mineral density (BMD) 
A Peripheral Quantitative Computed Tomography (pQCT) scan (XCT 2000, Stratec Medizintechnik 
GmbH, Germany) was performed on the non-dominant radius to measure volumetric bone mineral 
density across two separate sites; the distal end (4%) and mid-shaft (66%). The researchers determined 
radial length as the distance (mm) from the styloid process to the olecranon, the scanner was then 
positioned at the distal forearm and a scout view was carried out to position the reference lines for the 
scan. The non-dominant arm was identified as the arm not used to play their respective sport with unless 
they had broken or fractured it in the past as this could affect pQCT results.  
 
3.2.7 Vitamin D and PTH measurement 
Blood (6 mL) was collected in EDTA containing tubes and centrifuged at 1,300 g and 4°C for 10 min. 
Serum blood (10mL) was kept at room temperature for an hour before centrifugation at 1,300 g and 
22°C. Aliquots of plasma were immediately frozen and stored at -20°C until analyses. Haemoglobin 
was also analysed from a capillary sample obtained from a finger following blood sample collection 
using a HemoCue (Hb 201 System, HemoCue Co., Sweden). Plasma vitamin D status was assessed 
using liquid chromatography tandem mass spectrometer (LC-MS/ MS) method on a Waters Acuity 
TQD using PFP column following supported liquid extraction (SLE). PTH was measured using intact 
PTH assays (Abbott Laboratories). Both were undertaken in the accredited laboratories at Imperial 
College London. 
 
3.2.8 Muscle strength and jump height 
Isometric torque of the knee extensor muscles was assessed on an Isokinetic dynamometer (CSMI 
Humac Norm, Stoughton, MA). Participants completed a 5-min warm up on a cycle ergometer (~75W) 
before being seated on the isokinetic dynamometer with their non-dominant leg secured at 90o knee 
flexion. Participants performed three sub-maximal contractions (25, 50 and 75% of maximal load) 
separated by a 30 second rest. This was followed by three 5 second maximal contractions separated by 1 
minute rest to determine isometric knee extension strength. Knee extensor strength was determined from 
the highest peak torque from the best trial.  
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Handgrip dynamometry was measured in the non-dominant arm, using a Takei Digital handgrip 
dynamometer (5401 Takei Scientific Instruments Co. Japan). Whilst standing, participants were 
instructed to hold the dynamometer in the hand to be tested above the head with their arm extended and 
squeeze the dynamometer whilst returning the arm by their side. The test was repeated three times 
consecutively; the highest strength parameter from the three measurements is reported (kg).  
 
Following a 5-minute standardised stretching and warm-up protocol lead by the researcher’s participants 
were expected to complete three CMJ separated by a 2 minutes rest. This was measured using an 
Optojump (Microgate Co., NY). Participants were instructed to complete a CMJ for familiarisation and 
to ensure a correct jumping technique was performed. Correct jumping technique was from a standing 
position with hands on hips, making a preliminary downward movement (approximately 90º bend in the 
knee) then immediately extending the knees and hips to jump vertically off the ground.   
 
3.2.9 Aerobic fitness 
Participants completed a standardized stretching protocol and warm-up prior to commencing the tests. 
Aerobic fitness was measured using a standardized and validated Yo-Yo Intermittent Recovery Test 
Level 1 (Bangsbo, Iaia & Krustrup, 2008). Participants performed two 20m shuttles runs at increasing 
speeds, interspersed with 10 second period of active recovery, controlled by signals from an audio 
device.  Participants ran until voluntary exhaustion or were instructed to stop the test when they were 
unable to maintain the speed (failed to meet the line in sync with the audio signal on two separate 
occasions). The distance covered at that point was recorded as the test result. Participants were provided 
with verbal encouragement throughout the protocols by other participants included in the physical 
fitness testing and the researchers. 
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3.2.10 Food diary analysis 
Participants were asked to complete a 5-day food diary over the study period; during the autumn and 
spring terms. They were provided with a food diary including instructions on how to complete the diary 
and to record at least one weekend day (Appendix II). The diet diaries were analysed using DietPlan 
(Version 6, Forestfield Software LTD, Horsham, UK).  
 
3.2.11 Statistical analysis 
All statistical analysis was performed using SPSS software (Version 22; SPSS Inc., Chicago, IL, 2017). 
Data were checked for normality using Shapiro-Wilk’s where the sample size was n <50; Kolmogorov-
Smirnov tests were used otherwise. Paired and independent t-tests or the non-parametric equivalent 
were subsequently used on this dataset. Paired t-tests was used to determine the difference in 25(OH) D 
between spring and autumn in the participants. Two-way ANOVA were used to assess differences over 
time (autumn and spring). Correlations were examined using either Pearson or Spearman correlation 
coefficients according to the normality of the data. The level of significance was set at p 0.05. 
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3.3 Results 
3.3.1 Subject characteristics 
A total of 58 University level athletes (21 women and 37 men) competing in a range of sports were 
recruited into the study (mean ± SD: age= 20.4 yr; height= 1.76 m; body mass index (BMI) = 24.2 
kg/m2; body fat= 19.6%; fat free mass= 61 kg; training= 6.7 hr, Table 3.1). The athletes who 
participated in badminton, basketball, cheerleading, mixed martial arts, rowing, squash, swimming, 
table tennis and trampolining (n=28) were classified as indoor athletes. Those who participated in 
american football, football, hockey, lacrosse, rugby, triathlon and ultimate frisbee (n=30) were classified 
as outdoor athletes. Study sample in autumn was n=58, during the spring measurement the study sample 
was n=47 due to withdrawals from the study.  
 
Figure 3.1. Distribution of Sport Participators 
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Table 3.1. Participant characteristics and physical parameters 
 
 
    
  
Autumn 
 
 
Spring 
 
 Outdoor 
(n=24) 
Indoor 
(n=33) 2,4 
Combined 
(n=57) 
Outdoor 
(n=22) 4 
Indoor 
(n=25) 2,4 
Combined 
(n=47)3 
       
Age (y)† 21.0±1.8 20.0±1.4σ 20.4±1.6    
Height (m) 1.76±0.09 1.76±0.1 1.76±0.1 1.76±0.1 1.75±0.1 1.76±0.1 
BMI (kg/m2) 25.4±3.4 23.3±2.7 24.2±3.2 25.7±3.8 23.5±2.9 σ 24.5±3.5 
Body Fat (%) 19.7±6.9 19.5±6.4 19.6±6.5 20.6±6.5 α 20.1±6.5* 20.3±6.4* 
FFM (kg) 64.8±9.5 58.4±12.2σ 61.0±11.5 63.5±10.6 57.5±10.9 60.3±11.1* 
 25(OH)D (nmol/L) 54.3±25.3 57.7±22.0 56.1±23.3 31.0±17.5 α 31.0±16.1* 31.0±16.5* 
PTH (pmol/L)† 6.6±3.2 6.5±4.3 6.5±3.8 5.5±2.2 7.0±5.1 6.4±4.1 
Hb (mmol/L) 8.9±0.8 8.9±0.9 8.9±0.9 8.4±0.8 α 8.2±1.4* 8.3±1.1* 
       
       
 
 
Notes:  
 
† Not normally distributed, values are presented as mean ± SD.  
BMI: body mass index; FFM: fat free mass; Hb: Haemoglobin; 25(OH)D: 25-hydroxyvitamin D.  
2 Statistical analysis: Independent t-test between indoor and outdoor athletes during autumn and spring (σp<0.05). 
3 Statistical analysis: Paired t-test: combined * (p<0.05) 
4 Statistical analysis: Paired t-test: α between outdoor athletes (p<0.05); * between indoor athletes (p<0.05)
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3.3.2 Dietary intake 
Diet diaries were returned and participants provided enough detail to be analysed, the response 
rate were 72% in the autumn and only 33% in spring. The mean dietary intakes for macro and 
micronutrients are show in Table 3.2a, 2b, 2c, 2d. There was no statistical significance detected 
between the indoor and outdoor groups for both the macro and micronutrient intake. The 
energy intake to basal metabolic rate ratio (EI: BMR) for the athletes was 0.79  0.22 in the 
spring and 0.92  0.32 autumn, therefore underreporting was higher in the spring term although 
this could be due to the low number of diaries available for analysis (n=16). Paired t-tests 
revealed that there was a significant increase in total energy (kcal), carbohydrate and fat intake 
was greater in the spring vs the autumn (p=0.009; p=0.007; p=0.001, respectively) for all 
athletes. Calcium (p=0.038) and magnesium intakes (p=0.024) lowered between the two 
seasons whereas vitamin D intake increased (p=0.004) for the entire athlete cohort. When 
subdivided into the athlete groups, outdoor athletes had a lowered intake of calcium and niacin 
during the spring term only (p=0.011; p=0.017, respectively). There was also a significant 
reduction in niacin intake from autumn to spring (p=0.039). There were no differences found 
between indoor and outdoor athletes during the seasons for vitamin B12.   
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Table 3.2a Energy and macronutrient intakes of all athletes 
 
 
 
 
 
 
Notes:   CHO: Carbohydrates ;NSP: Non-starch polysaccharides.  
1 British Nutrition Foundation: Reference Nutrient Intakes for adults (BNF, 2017) 
  2 Department of Health, Dietary Reference Values for Food Energy and Nutrients for the UK, 1991 
3 Statistical analysis: Paired t-test: † between outdoor athletes (p<0.05), * between indoor athletes (p<0.05) 
 
 
 
 
 
 
 
 
 
 
          
  Energy (kcal) CHO (g) Fat (g) Protein (g) CHO (%) Fat (%) Protein (%) NSP (g) 
          
 Mean  SD 2194.3±702.6 240.7±95.0 85.1±29.4 98.0±45.0 42 37 21 23.0±9.6 
Autumn (n=39)3 Min 1001 41 42 43 16 39 17 1.8 
 Max 3822 538 163 214 53 38 22 47.5 
          
          
 Mean  SD 2548.7±681.6σ 284.6±102.8σ 89.5±31.6σ 145.1±119.8 42 32 23 19.0±10.5 
Spring (n=16)3 Min 1326 18 43 48 5 29 14 6.7 
 Max 3676 434 167 564 44 41 61 49.5 
          
   Reference Nutrient Intakes1,2 <50% <35% 0.75g/kg 30g/d 
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Table 3.2b Energy and macronutrient intakes of outdoor and indoor athletes 
 
 
Notes:   CHO: Carbohydrates; NSP: Non-starch polysaccharides.  
1 British Nutrition Foundation: Reference Nutrient Intakes for adults (BNF, 2017) 
2 Department of Health, Dietary Reference Values for Food Energy and Nutrients for the UK, 1991 
3 Statistical analysis: Paired t-test: † between outdoor athletes (p<0.05), * between indoor athletes (p<0.05) 
4 Statistical analysis: Independent t-test between indoor and outdoor athletes during autumn and spring (σp<0.05)
           
 
  Energy (kcal) CHO (g) Fat (g) Protein (g) CHO (%) Fat (%) Protein (%) NSP (g) 
 
 
 
 
 
Outdoor 
          
 Mean  SD 2303.3±736.2σ 244.8±100.8 89.7±32.2 105.1±50.2 40 18 35 21.7±10.7 
Autumn (n=19)3,4 Min 1115 41.1 43.6 42.9 14 35 15 1.8 
 Max 3747 420 90 105 42 22 11 47.5 
          
          
 Mean  SD 3062.2±721 307±159.1 89.7±32.2 105.1±50.2 38 26 14 21.0±14.8 
Spring (n=6) Min 1988 307 104 139 58 47 28 8 
 Max 3676 434 167 218 44 41 24 49.5 
          
          
Indoor 
          
 Mean  SD 2194.3±702.6 240.7±95.0 85.1±29.4 98.0±45.0 42 37 21 23.0±9.6* 
Autumn (n=20)3,4 Min 1001 41 42 43 16 39 17 1.8 
 Max 3822 538 163 214 53 38 22 47.5 
          
          
 Mean  SD 2548.7±681.6 284.6±102.8 89.5±31.6 145.1±119.8 42 32 23 19.0±10.5 
Spring (n=10) Min 1326 18 43 48 5 29 14 6.7 
 Max 3676 434 167 564 44 41 61 49.5 
          
  
Reference Nutrient Intakes1,2 
    
 <50% <35% 0.75g/kg 30g/d 
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Table 3.2c Micronutrient intakes of all athletes 
 
 
 
 
Notes:    
  Na: Sodium; Mg: Magnesium 
1 British Nutrition Foundation: Reference Nutrient Intakes for adults (BNF, 2017) 
  2 Department of Health, Dietary Reference Values for Food Energy and Nutrients for the UK, 1991 
3 Statistical analysis: Independent t-test between indoor and outdoor athletes during autumn and spring (σp<0.05)
          
  
Calcium  
(mg) 
Vitamin D 
(g)  
Na  
(g) 
Mg  
(mg) 
Folate 
(g) 
Thiamin  
(mg) 
Vitamin B12  
(g) 
Niacin (mg) 
          
 Mean  SD 976.5±434.7 2.7±2.3 2.7±1.1 355.4±175.9 
278.7±127
.0 
3.4±8.8 1.8±0.9 27.0±13.0 
Autumn (n=39)3,4 Min 326 0.2 1 6 1.95 0.7 0.8 10.1 
 Max 2480 10 6 760 677 5.6 3.9 6.8 
          
          
 Mean  SD 729.3±224.5σ 3.2±3.3σ 3.6±1.7 284.3±121.9σ 
292.1±112
.5 
1.3±0.5 4.1±4.0σ 22.5±11.9 
Spring (n=16) Min 260 0.7 1.3 56 78 0.4 1.1 6.7 
 Max 1100 14.6 7.6 471 478 1.9 14.4 46.2 
          
          
Reference Nutrient Intakes1,2  700mg/d 10g/d 1.6g/d 
F:270mg/d 
M:300mg/d 
200g/d 
F:0.8mg/d 
M:1.0mg/d 
1.5g/d F:13mg/d 
M:17mg/d 
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Table 3.2d Micronutrient intakes of indoor and outdoor athletes 
 
 
 
Notes:   Na: Sodium; Mg: Magnesium 
1 British Nutrition Foundation: Reference Nutrient Intakes for adults (BNF, 2017) 
  2 Department of Health, Dietary Reference Values for Food Energy and Nutrients for the UK, 1991 
3 Statistical analysis: Paired t-test: † between outdoor athletes (p<0.05), * between indoor athletes (p<0.05) 
4 Statistical analysis: Independent t-test between indoor and outdoor athletes during autumn and spring (σp<0.05)
           
 
  
Calcium  
(mg) 
Vitamin 
D (g)  
Na  
(g) 
Mg  
(mg) 
Folate 
(g) 
Thiamin  
(mg) 
Vitamin 
B12 (g) 
Niacin 
(mg) 
Outdoor 
          
 Mean  SD 1022.4±370.6 3.3±2.5 2.8±1.2 362.4±197.6 290.7±124.1 4.9±12.5 2.0±1.0 32.2±15.3 
Autumn (n=19) Min 518 0.7 1.1 6.5 100 0.7 0.8 10.1 
 Max 1988 10.2 6.3 760 525 56.4 3.8 67.1 
          
          
 Mean  SD 814.2±198.0† 4.4±5.0 3.7±2.1 296.3±118.8 337.0±120.1 1.5±0.5 4.5±3.9 22.4±13.5† 
Spring (n=6)3,4 Min 552 1.6 1.3 145 156 0.9 1.9 7.9 
 Max 1100 14.6 7.6 459 478 1.9 12.3 39.5 
          
          
           
Indoor 
 Mean  SD 932.9±493.7 2.2±2.0 2.6±0.9 348.7±157.4 267.4±132.0 1.9±0.9 1.6±0.8 22.1±7.8 
Autumn (n=20) Min 1050 0.2 1.1 164 2.0 0.9 0.8 10.9 
 Max 4011 8.9 4.0 745 677 4.3 3.9 42.1 
          
          
 Mean  SD 678.3±233.5 2.4±1.6 3.5±1.4 277.0±129.4 265.2±104.5 1.2±0.6 3.9±4.3 22.6±11.5 
Spring (n=10)3,4 Min 260 0.7 1.7 56 78 0.4 1.1 6.7 
 Max 1028 5.5 5.8 471 413 1.9 14.4 46.2 
          
Reference Nutrient Intakes1,2  700mg/d 10g/d 1.6g/d 
F:270mg/d 
M:300mg/d 
200g/d 
F:0.8mg/d 
M:1.0mg/d 
1.5g/d 
F:13mg/d 
M:17mg/d 
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3.3.3 Vitamin D status 
The mean serum 25(OH) D concentrations for the whole population group in the autumn were 
56.1±23.3nmol/L and this decreased significantly to 31.0±16.5nmol/L during the spring measurement, 
(p <0.001) as presented in Figure 3.2. During autumn, a total of 40% (n= 23) of the University athletes 
were ‘insufficient’ (<50nmol/L) in vitamin D status and 7% were ‘deficient’ (25nmol/L, n=4) 
according to the current recommended cut-offs for vitamin D (IOM; EFSA, 2016 respectively). The 
prevalence of vitamin D deficiency increased during the course of this observational study, with 90% 
(n=52) of participants defined as being ‘insufficient’ and more importantly 44% (n=19) as ‘deficient’ at 
the spring measurement. Furthermore, dietary analysis showed that participants did not meet their 
current UK dietary reference intake (10g/d; SACN 2016) for vitamin D with a mean intake of 2.7±2.3 
and 3.2±3.3 g/d during autumn and spring, respectively. Pearson correlation testing revealed no 
association between vitamin D status and vitamin D intake during autumn or spring in either 
indoor/outdoor athletes or the combined athlete group.  
 
Training and competing indoors did not result in significantly different autumnal 25(OH) D status when 
compared to outdoor athletes 57.7.0±22.1 vs. 54.3±25.3 nmol/L (p=0.589), respectively nor did the 
spring measurement; 31.0 ± 16.1 vs. 31.0 ± 17.5 nmol/L (p=0.994) as presented in Figure 3.3. Although 
this did not reach significance following 2-way ANOVA analysis the indoor athletes experienced a 
higher decline in 25(OH) D status of -26.7 nmol/L when contrasted against their outdoor counterpart: -
23.3 nmol/L.  
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Figure 3.2: Line graph illustrating the individual variation of 25(OH)D concentrations in University 
level athletes assessed in autumn (n=58) and spring (n=47).  25(OH)D status of <30nmol/L are 
considered deficient (horizontal dashed line). 25(OH)D status of >50nmol/L are considered sufficient 
(horizontal bold line).  
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Figure 3.3. Box plots illustrating the distribution of 25(OH)D concentrations in outdoor (autumn n=24, 
spring n=22) and indoor (autumn n=33, spring n=25) University level athletes throughout a competitive 
sporting season.  Central vertical line in box plot indicates mean values of subjects during autumn and 
spring. 25(OH)D status of <25nmol/L are considered deficient (horizontal dashed line). 25(OH)D status 
of >50nmol/L are considered sufficient (horizontal bold line). * p <0.05 following paired t-tests. 
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3.3.4 Vitamin D deficiency at baseline (<25nmol/L) 
 
As shown in Figure 3.4, in the outdoor group there was a higher prevalence of vitamin D deficiency 
(8%) <25nmol/L at baseline during the autumn term.   However, almost half of the indoor athlete group 
(48%) were found to be deficient during spring. Insufficiency was reported to be higher in the outdoor 
group during both the autumn (42%) and spring (47%) terms.  
 
 
Figure 3.4. Percentage of indoor and outdoor athletes with 25(OH)D status within cut-offs. Percentage 
of participants, within each group, to have deficient (<25nmol/L), insufficient (25-50nmol/L), sufficient 
(50-75nmol/L) and optimal (>75nmol/L) 25(OH)D status.  
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3.3.5 Ethnicity and vitamin D status 
As ethnicity is a confounding factor for vitamin D status it is key to address the ethnic diversity for 
within this cohort of University athletes. Data from the self-reported health screening questionnaires 
revealed that 47 of our athletes were white-caucasian. 6 were identified as Asian-Indian and 2 were of 
Asian-Chinese descent. The vitamin D status mean of each group are presented in Table 3.3. A one-way 
repeated measures ANOVA was conducted to compare the effects of ethnicity upon vitamin D status at 
both measurement periods. Post-hoc comparisons using Bonferroni test indicated that there was a 
significant difference between white-caucasian group and the Asian-Indian groups in both the autumn 
(p=0.001) and spring terms (p=0.003). However, there was no statistical significance detected between 
Asian-Indian and -Chinese athletes in the autumn (p=1.0) or spring (p=0.09). Although, it is important 
to state that both Asian groups presented with a borderline severe 25(OH)D deficiency during the 
Spring (<12.5nmol/L).  
 
 
 Table 3.3. Ethnicity & vitamin D status 
 
 
 
Notes:  1ANOVA analysis between groups in autumn *p<0.001 
2ANOVA analysis between groups in spring †p<0.001 
 3Paired t-test between autumn and spring within each ethnic group 
 
     
  
Autumn 
25(OH)D1 
Spring 
25(OH)D2 
p-values3 
    
<0.001 
 Mean  SD 61.2±21.0* 35.3±15.3† 
White- Caucasian Min 29 11 
n=39 Max 115 75 
    
     
 Mean  SD 27.5±11.8 12.8±3.9 
0.037 Asian-Indian Min 16 10 
n=6 Max 43 20 
     
    
0.063 
 Mean  SD 22.5±4.9 12.5±3.5 
Asian-Chinese Min 19 10 
n=2 Max 26 15 
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3.3.6 Bone health indices 
Indoor athletes exhibited a significantly lower BMC, density and trabecular density than their outdoor 
counterparts in autumn: 1.31 ± 0.3 g/cm vs. 1.51 ± 0.3 g/cm; 331.0±55.4 mm3 vs. 375.1 ± 59.0 mm3; 
221.3 ± 53.3 vs. 257.9 ± 74.4 mg/cm3, respectively at the 4% site (Table 3.4). During the spring 
measurement, indoor athletes also exhibited lower BMD and trabecular density; 339.4 ±53.5 mm3 vs. 
381.2 ± 53.9 mm3 and 221.4 ± 52.8 9 mg/cm3 vs. 253.5 ± 54.9 mg/cm3. BMC and BMD at the proximal 
site were not associated with vitamin D status for indoor when adjusted for height and weight (Table 
3.6; r=0.256, p=0.172; r=0.050, p=0.796, respectively). Proximal BMC was associated with vitamin D 
status when adjusted for height and weight (r=0.423, p=0.05), however BMD did not reach significance 
(r=0.07, p=0.763) during autumn.  No associations were found between markers of bone health and 
vitamin D status during the Spring measurement for indoor and outdoor athletes. 
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Table 3.4 Bone parameters 
 
 
Notes: 
† Not normally distributed, values are presented as mean ± SD. 
BMC: bone mineral content; BMD: bone mineral density; CSA: cross-sectional area; Trab: Trabecular; Crt: cortical; vBMD: volumetric bone mineral density; SSI: strength strain index.   
2Statistical analysis: Paired t-test: * between outdoor athletes (p<0.05) 
3 Statistical analysis: Independent t-test between indoor and outdoor athletes during autumn and spring (σp<0.05)
   
 Autumn Spring 
 
Outdoor 
(n=24) 
Indoor 
(n=33) 3 
Combined 
(n=57) 
Min 
(n=57) 
Max 
(n=57) 
Outdoor2 
(n=22) 
Indoor3 
(n=25) 
Combined2 
(n=47) 
Min 
(n=47) 
Max 
(n=47) 
           
4% Radius           
BMC (g/cm) 1.51±0.3 1.31±0.3σ 1.40±0.3 0.54 2.02 1.50±0.3 1.34±0.3 1.42±0.3 0.93 2.06 
Total CSA (mm2) 410.2±82.2 412.4±109.6 411.5±98.4 173.8 728.2 406.5±81.4 397.9±96.0 401.9±88.6 217.0 620.5 
BMD (mm3) 375.1±59.0 331.0±55.4σ 349.4±60.5 218.1 528.8 381.2±53.9 339.4±53.5σ 358.9±57.2 262.7 478.8 
Trab vBMD (mg/cm3) 257.9±74.4 221.3±53.3σ 236.7±65.0 132.8 406.0 253.5±54.9 221.4±52.8σ 236.4±55.6 146.2 360.0 
           
66% Radius           
BMC (g/cm) † 1.2±0.5 1.2±0.4 1.2±0.5 0.85 2.81 1.5±0.7 1.5±0.8 1.5±0.7 0.83 4.22 
Total CSA (mm2) † 211.7±106.1 192.2±93.9 193.0±103.8 27.5 617.8 249.3±140.1 250.6±180.6 250.0±160.7 104.8 888.5 
BMD (mm3) † 609.8±164.3 653.3±118.3 635.1±139.7 385.7 858.4 610.0±162.7 663.2±91.0 638.2±130.8 474.8 854.5 
Crt CSA (mm2) † 77.0±32.8 81.2±26.7 79.4±29.2 2.25 171.0 109.2±52.2*  92.0±33.6 100.0±43.7 61.5 296.5 
Crt vBMD(mg/cm3) † 1001.4±226.8 1066.6±67.1 1039.3±156.8 830.0 1171.9 1065.8±38.4 1074.9±61.9 1070.6±51.9 850.1 1141.6 
           
SSI (mm2) † 404.1±374.2 310.4±160.2 348.9±270.4 123.1 1807.1 529.0±594.4 432.9±521.8 476.8±551.9 50.7 2484.5 
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Table 3.5 Pearson & non-parametric testing for correlations between s-25(OH)D and bone profile 
 
 
 
 
Table 3.6 Pearson & non-parametric testing for partial correlations between s-25(OH)D and bone 
profile†  
 
 
†Controlled for height (cm) and weight (kg) 
*p<0.05
   
 Autumn Spring 
 Outdoor Indoor Outdoor Indoor 
 r r r r 
     
4% Radius     
BMC (g/cm) 0.099 0.185 -0.021 0.205 
Total CSA (mm2) 0.144 0.199 0.245 0.172 
BMD (mm3) 0.027 0.082 -0.258 0.014 
Trab vBMD (mg/cm3) -0.181 0.074 -0.384 0.136 
     
66% Radius     
BMC (g/cm) -0.141 0.015 -0.067 0.268 
Total CSA (mm2) -0.094 0.055 0.217 0.090 
BMD (mm3) -0.117 -0.056 -0.159 0.138 
Crt CSA (mm2) -0.214 0.121 -0.147 0.232 
Crt vBMD(mg/cm3) -0.061 0.212 -0.059 0.094 
SSI (mm2) 
 
0.134 -0.081 -0.040 0.051 
     
   
 Autumn† Spring† 
 Outdoor Indoor Outdoor Indoor 
 r r r r 
     
4% Radius     
BMC (g/cm) 0.423* 0.256 0.040 0.209 
Total CSA (mm2) 0.345 0.233 0.441 0.161 
BMD (mm3) 0.070 0.050 -0.414 -0.001 
Trab vBMD (mg/cm3) -0.073 0.016 -0.472 0.111 
     
66% Radius     
BMC (g/cm) -0.132 0.003 -0.128 -0.062 
Total CSA (mm2) -0.102 -0.008 -0.106 0.335 
BMD (mm3) -0.350 -0.014 -0.133 0.081 
Crt CSA (mm2) -0.224 0.073 -0.162 -0.063 
Crt vBMD(mg/cm3) -0.355 0.159 -0.064 0.190 
SSI (mm2) 
 
0.217 -0.186 0.024 -0.127 
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3.3.7 Changes in PTH levels 
Paired t-tests confirmed there was no statistical difference in PTH during the autumn (p=0.371) or 
spring (p=0.431) term for the indoor and outdoor group. This also remained the case for the entire 
cohort between both time points (p=0.226). The values are presented graphically in Figure 3.6 and the 
individual variation between seasons is presented in Figure 3.7. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.5. Parathyroid hormone levels (mean ± SD) during autumn and spring within indoor and 
outdoor athletes.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.6 The individual variation in parathyroid hormone (pmol/L) between autumn and spring 
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3.3.8 Vitamin D and PTH 
Pearson coefficient correlations revealed that there was a moderate inverse association between vitamin 
D and PTH within the entire cohort (r= -0.334, p=0.012). This remained true for the indoor (r= -0.423; 
p=0.016) but not the outdoor group (r=-0.215, p=0.314) during the autumn term. However, within the 
autumn term both the outdoor and indoor group showed a significant association between vitamin D 
status and PTH (r=-0.577, p=0.012; r=-0.527, p=0.008, respectively). These are presented in Figures 
3.8a and 3.8b. Moreover, those that were observed to be vitamin D deficient (25nmol/L; SACN, 2016) 
also presented with elevated PTH levels when contrasted to those that were classed as ‘insufficient’ 
(<25-50nmol/L), ‘sufficient’ (>50nmol/L; Ross et al., 2011 and SACN, 2016) and ‘optimal’ 
(>75nmol/L; Holick et al., 2011).  
 
 
Figure 3.7 PTH levels (mean± SD) according to cut-off values for vitamin D status (nmol/L) 
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Figure 3.8a  Associations between vitamin D status (nmol/L) and parathyroid hormone (pmol/L) for combined and outdoor/ indoor athletes  
during the autumn term.  
 
 
 
Figure 3.8b  Associations between 25(OH)D (nmol/L) and PTH (pmol/L) for combined and outdoor/ indoor athletes during the spring term.
The D-BIICEP Study I 
 98 
3.3.9 Physical performance 
Predictors of muscular strength did not improve with competition and training over the University-
sporting season, as presented in Table 3.7. However, jump height exhibited a slight improvement from 
autumn to spring (30.5 ± 8.6cm versus 32.8 ± 7.4cm; p=0.044). Although, once divided into indoor and 
outdoor athletes jump height did not improve (p=0.251 and p=0.074 respectively). Despite the indoor 
athletes’ self-reported training hours being consistently higher than their outdoor counterparts in autumn 
(7.3 ± 2.9h versus 5.8 ± 3.3h) and spring (7.14 ± 4.2h versus 5.2 ± 2.4h) there were no differences 
between groups in aerobic capacity in autumn (p=0.935) and spring (p=0.262). Muscular strength 
however, was higher in the outdoor athletes during the spring term (p=0.046), but not in the autumn 
term (p=0.479).  Handgrip strength was also observed to be greater in outdoor athletes during both 
seasons however; this did not reach statistical significance.  
 
When controlling for height, weight and FFM there was a positive association seen between muscular 
strength, aerobic capacity and vitamin D status in all athletes during the autumn term; r=0.378, p=0.008 
and r=0.391, p=0.011, respectively. Although, this was not observed during the spring measurement 
period. The only association exhibited in the spring was that of hand grip strength and vitamin D status; 
r=0.332, p=0.039 for the entire cohort.  
 
When adjusting for height, weight and FFM there was a positive association in outdoor athletes between 
measurements of jump height (r=0.544, p=0.024), aerobic capacity (r=0.563, p=0.019) and vitamin D 
status during autumn but not in spring (r=-0.137, p=0.621 and r=0.131, p=0.628, respectively; Table 
3.8).  There was a positive association for jump height (r=0.467, p= 0.014) in indoor athletes during 
autumn but not in spring (r=0.101, p=0.672). Aerobic capacity and handgrip strength were also not 
associated with vitamin D status during autumn (r=0.225, p= 0.314, r=0.219, p=0.272, respectively) or 
spring (r=0.208, p=0.423, r=0.366, p=0.103, respectively) in the indoor group. 
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Table 3.7 Physical performance parameters 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Notes:  † Not normally distributed, values are presented as mean ± SD.  
BMI: body mass index; FFM: fat free mass; Hb: Haemoglobin; Vit D: vitamin D; Ca: Calcium intake from self-reported 5-day food diary; 25(OH)D: 25-hydroxyvitamin D; 
PTH: parathyroid hormone; CMJ: Counter movement jump 
2 Statistical analysis: Independent t-test between indoor and outdoor athletes during autumn and spring (σp<0.05). 
3 Statistical analysis: Paired t-test: combined *(p<0.05) 
4 Statistical analysis: Paired t-test: α between outdoor athletes (p<0.05); * between indoor athletes (p<0.05) 
  
   
  
Autumn 
 
Spring 
 
Outdoor 
(n=24) 
Indoor 
(n=33) 2,4 
Combined 
(n=57) 
Outdoor 
(n=22) 4 
Indoor 
(n=25) 2,4 
Combined 
(n=47) 3 
       
Body Fat (%) 19.7±6.9 19.5±6.4 19.6±6.5 20.6±6.5 α 20.1±6.5* 20.3±6.4* 
FFM (kg) 64.8±9.5 58.4±12.2σ 61.0±11.5 63.5±10.6 57.5±10.9 60.3±11.1* 
Training (h)† 5.8±3.3 7.3±2.9 6.7±3.1 5.2±2.4 7.14±4.2 6.2±3.6 
Knee Extensor Strength (nM)  259.5±51.8 245.1±99.0 251.1±82.2 276.4±71.2 234.8±6 1.8 σ 254.6±68.9 
Handgrip (kg) 42.0±10.3 37.0±10.6 39.1±10.7 41.2±11.6 36.9±10.2 38.9±11.0 
CMJ (cm) 31.8±8.4 29.5±9.4 30.5±8.6 33.7±7.3 32.2±7.6 32.8±7.4* 
VO2MAX (L/kg/min-1) 4.3±0.3 4.3±0.3 4.3±0.3 4.4±2.2 4.2±0.3 4.3±0.3 
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Table 3.8 Pearson testing for partial correlations between 25(OH)D status and physical performance 
parameters  
 
 
 
Notes: 
*p<0.05  
CMJ: Counter-movement Jump 
Controlling for height (cm), weight (kg) and FFM (kg) 
 
 
 
3.4 Discussion 
The aim of this study was to investigate vitamin D status in UK University level athletes and whether 
this was related to markers of performance. We found that vitamin D decreased significantly from 
autumn to spring and that there were no differences between outdoor and indoor athletes.  Vitamin D 
intake was also minimal during the autumn (2.9µg/d) and spring (3.2µg/d) seasons. Seasons did not 
have an effect upon predictors of upper and lower body muscular strength, jump height and aerobic 
fitness although the indoor athletes reported higher training loads than the outdoor group (p=0.018). We 
observed associations between vitamin D status and predictors of jump height and aerobic capacity, this 
was however only within the outdoor group.  
Insufficient vitamin D status is common within Europe (Cashman et al., 2016), particularly within the 
professional athletic community (Farrokhyar et al., 2015). Reduced vitamin D availability can have 
serious health implications to bone and muscular function (Girgis et al., 2013; Lappe et al., 2008). To 
our knowledge, this is one of the first studies to determine the effects of regular training and competition 
on the relationship between vitamin D status, bone health and exercise performance within UK-dwelling 
University athletes. Although there is adequate data regarding the vitamin D status of collegiate athletes 
   
 Autumn Spring 
 Outdoor Indoor Outdoor Indoor 
 r r r r 
     
Handgrip (kg) 0.243 0.219 0.513 0.488* 
Knee Extensor Strength (nM) 0.103 0.467* 0.293 0.182 
CMJ (cm) 0.544* 0.033 0.439 0.092 
VO2MAX (ml/kg/min-1) 0.563* 0.255 0.294 0.231 
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at varying latitudes within the USA (Heller et al., 2015; Forney et al., 2014) there is little literature 
regarding the UK.  
 
Our results show that UK athletes are at risk of vitamin D deficiency (<25nmol/L) as 43% of our 
participants were deficient in spring and 90% were classified insufficient (<50nmol/L).  This prevalence 
of vitamin-D deficiency / insufficiency far exceeds that reported in the USA (12, 34, 35). We observed a 
significant decline in vitamin-D status from autumn to spring in agreement with Peeling et al. (9). 
However, vitamin-D status was consistently higher in their Australian based athletes: 122, 105 and 75 
nmol/L in fall, spring and winter, respectively compared to our cohort. Similarly, others have reported 
higher vitamin-D status in USA (122 nmol/L; Halliday et al., 2011) (100.1nmol/L; Villacis et al., 2014), 
Greek (86-118nmol/L; Koundourakis et al., 2014) and Irish athletes (76.5nmol/L; Todd et al., 2017) . 
These higher statuses could be attributed to the geographical latitudes of these four studies; 41°N 
(Halliday et al., 2011), 34°N (Villacis et al., 2014), 31°S (Peeling et al., 2013) and 36°N (Koundourakis 
et al., 2014). Converse to our findings, a higher baseline vitamin-D status within the Irish cohort is 
likely due to almost 25% of their athletes reporting they take vitamin-D supplements. Moreover, 43 of 
their athletes reported equatorial travel and a further 15 reported the regular use of sun beds, which play 
a vital role in the synthesis of pre-vitamin-D3 (Wacker and Holick, 2013).  
 
Despite the significant decline in vitamin-D status from autumn to spring, vitamin-D intake did not 
differ (2.7±2.3 and 3.2±3.3 μg/d, respectively) across the seasons and are representative of a UK 
population (Bates et al., 2014). As the data was collected in the spring of 2016 this provides a novel 
insight into the vitamin-D intake of a young adult cohort before vitamin-D made popular headlines. 
Thus, supporting the changes issued by the department of health for a higher recommended intake for 
adults (SACN, 2016). Therefore, inadequate UVB exposure during wintertime and an unbalanced diet 
could be the driving force for a borderline deficient vitamin-D status of 31 nmol/L in spring. Our dietary 
intake results are low in contrast to other studies whom reported higher vitamin-D statuses (Halliday et 
al., 2011). These were however likely to be the result of food fortification (e.g. milk and cereal) 
programmes (Calvo et al., 2004). Calcium intake fell below current recommendations of 700mg/d 
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(BNF, 2016) within the indoor group during the spring. This could be a contributing factor to a 
significantly lower proximal BMD and trabecular BMD observed in the indoor group during the spring 
versus the outdoor group (381.2±53.9 vs.339.4 ±53.5 mm3). PTH was also notably higher in the indoor 
group during the spring, but this did not reach statistical significance (7.0±5.1 vs. 5.5±2.2 pmol/L). 
 
This observational study demonstrated that there is a potential relationship between vitamin-D and 
predictors of physical performance. This is reflected by the findings in autumn for knee extensor 
strength (r=0.378) and aerobic fitness (r=0.391) and is supported by previous literature (Ksiazek et al., 
2018). Despite the significant decline in vitamin D status across the seasons, handgrip strength 
(r=0.385) was the only measurement to be associated with vitamin D. This is in accordance with other 
studies regarding the relationship between vitamin D and physical performance (Fitzgerald et al., 2015). 
However, muscular strength did not change across the seasons and concurs with findings from Close et 
al. (2013). Parallel to this, there was no improvement in physical parameters following supplementation 
in Irish University Gaelic footballers (Todd et al., 2017) despite their low baseline vitamin-D status 
(47.4 and 43.1 nmol/L for their intervention and placebo groups, respectively). Although we did not 
supplement our cohort with vitamin-D it is still comparative for baseline measurements, particularly as 
both aforementioned studies were the only UK-based cohorts to our knowledge in this young adult 
population.  
 
3.5 Strengths  
The principle strength of this study is that it utilised a unique population of University athletes rather 
than elite or professionals.  This was also an observational study rather than a randomised control trial, 
which could potentially have ethical ramifications such as subjecting someone to deficiency levels 
(<25nmol/L). This therefore, better informs the UK University population of the risks that is imposed 
upon its sporting population. Particularly, those that compete and train predominantly in- or outdoors.  
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Vitamin D status were measured using the gold-standard measurement technique of LC-MS/ MS 
allowing for the accurate prediction of s-vitamin D levels at an independent lab using a Waters Acuity 
TQD using a PFP column following supported liquid extraction (SLE).  
 
This was also one of the first studies examining the effects of vitamin D status upon the bone quality of 
UK University athletes competing in a variety of different sports from rowing to squash.   
 
3.6 Limitations 
The diet diaries were not an effective measurement for vitamin D and calcium intake in the cohort, 
particularly as under-reporting was high. Not only this, but the response rate was not as high as we 
would have hoped. 
 
Due to the lack of equipment at the time we were unable to complete a VO2MAX test using the gold 
standard measurement on a cycle ergometer or even a treadmill. This would provide more accurate 
results as during the Yo-Yo intermittent recovery test level 1 it was observed that the rowers or more 
endurance athletes did not perform as well as those that were involved in a team sport, which 
characteristically involves more intermittent sprinting.  
 
If cost and radiation were not a limiting factor, it would have been useful to carry out a whole body 
DEXA scan on the subjects to further determine the effects of vitamin D on bone quantity (BMD) as 
well as the quality (BMC).  
 
It would have been desirable to have recruited white-caucasian or a non-ethnically diverse population 
due to the confounding factor of ethnicity upon vitamin D status due to the inhibitory nature of melanin 
upon UVB absorption. It would have been desirable to also recruit a control group to examine the 
impact of regular training and competition upon vitamin D status within the student athlete group. This 
would also elucidate the extent of vitamin D deficiency within this population.  
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Due to our budget, we were unable to provide a supplement for our athletes. Which, would have been 
desirable to distinguish the main effects of vitamin D on sporting performance. It would have also been 
beneficial to measure sunlight exposure to determine whether indoor athletes were subjected to less 
sunlight rather than the outdoor. 
 
Finally, training was not controlled for as this is challenging to do so within this group as their training 
is individual-determined. Which, is also reflected in previous research for University athletes (Halliday 
et al., 2011; Villacis et al., 2014 and Forney et al., 2014).   
 
3.7 Conclusion 
In conclusion these analyses provide information that non-supplemented UK-dwelling University 
athletes are at risk of vitamin D deficiency, particularly during spring where UVB exposure is minimal 
and dietary intake is poor. However, a low vitamin D status did not adversely affect the bone density 
and physical performance in University athletes. Nevertheless, until we rule out the adverse effects of 
vitamin D deficiency relating to immune function and fracture risk we should educate within the UK 
regarding the importance of an adequate diet, appropriate sunlight exposure and the potential need for 
wintertime supplementation in the prevention of vitamin D deficiency in young healthy adults.  
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4.1 Introduction 
Interest in Vitamin D has increased in recent research, this is attributed to its multiple roles in human 
health, from musculoskeletal to immunity and sporting performance (Owens, Allison and Close, 2018). 
Moreover, interest in vitamin D supplementation and deficiency has increased greatly within the sport 
science community. This could be attributed to the recent advances indicating that vitamin D 
supplementation or the correction of vitamin D status could potentially improve sporting performance 
(Dahlquist, Dieter and Koehle, 2015). Although, due to the large heterogeneity in research the effects of 
Vitamin D status and supplementation on sport performance remains unclear. 
 
Due to its influences upon calcium homeostasis, the specific effects of vitamin D may exert indirect 
effects upon muscular function through the intricate muscle function pathways. Animal studies, such as 
the use of the vitamin D receptor knockout mouse (VDRKO) suggest that vitamin D plays a role in 
muscular contraction and strength. The VDRKO mice presented with lowered grip strength, altered gait, 
increased fatigue, reduced balance and coordination (Girgis et al., 2013, 2014). These findings are in 
agreement with literature on vitamin D and muscular function in the elderly, participants who suffered 
from a higher incidence of falls often presented with a lowered or deficient 25(OH) D status (Murad et 
al., 2011).  Supplementation of Vitamin D has also been reported to increase muscle fibre size in 
mobility-limited elderly women (Ceglia et al., 2013). Positive associations have also been observed 
between fast twitch muscle fibres (type II) and vitamin D in institutionalized adults (Sato et al., 2005).  
Also, a reduction in the quantity and diameter of these muscle fibres are exhibited in individuals that 
present with a low vitamin D status (Sato et al., 2005). However, research is limited regarding whether 
there are indeed vitamin D receptors in muscle cells as it focusses upon in vitro or animal models and is 
particularly conflicted in human trials (Girgis et al., 2014).  
Parallel to studies investigating the effects of supplementation of vitamin D on muscular performance, 
repletion of vitamin D status to sufficiency could potentially correct myalgia (muscle pain) commonly 
associated with osteomalacia, although the mechanism behind this remains unknown it is suggested that 
the interrelationship between lowered calcium concentration, high levels of parathyroid hormone (PTH) 
and vitamin D deficiency contribute to myalgia (Al-Said, Al-Rached and Al-Qahtani, 2009). It could 
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also potentially reduce the risk of sarcopenia (decline in muscle mass and strength with ageing), which 
is also associated with vitamin D deficiency and higher concentrations of PTH (Visser, Deeg and Lips, 
2003). Although when exclusively focussing upon the ergogenic effects of vitamin D supplementation 
in professional athletes there is conflicting evidence on predictors of upper- and lower body strength and 
power, specifically due to heterogeneity across these studies (Farrokhyar et al., 2015). 14 out of the 23 
studies identified were also based at lower latitudes of <40°N (Farrokhyar et al., 2015). Moreover, there 
is little research amongst recreational or non-professional athletes (such as University level athletes) 
residing at higher latitudes. In addition to this there has been little investigation into a free-living 
University student cohort residing within the UK.  
 
4.2 Aims 
The primary purpose of this study was to determine the effects of regular University sport training on 
the relationship between vitamin D status and physical performance in young active adults. The 
secondary aim was to measure the effects of a seasonal change in vitamin D status on predictors of 
physical performance in University students. We hypothesized that athletes and controls alike will have 
a sub-optimal (<50nmol/L) vitamin D status during the spring when contrasted to the summer 
measurement. Thereby adversely affecting physical performance and aerobic capacity during the spring.   
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4.3 Methods 
4.3.1 Subjects  
Physically healthy male and female University students and athletes were included into this 
observational study recruited through the University of Surrey (51.2ºN). Athletes were considered 
eligible if they were a competitive member of a University sports team, Caucasian, aged 18-30 years 
and had a BMI of >18 kg/m2. Healthy inactive controls were included if they were aged 18-30 years, 
healthy BMI (18-30kg/m2), Caucasian and did not exercise for more than the recommended 150 
minutes/week. Potential participants were excluded if they used sun beds, vitamin D supplements or 
were planning a sun holiday during the study (February-June 2018). All participants were required to 
complete a health screening questionnaire to control for medical conditions/medication use that were 
likely to affect vitamin D metabolism such as hypercalcaemia or anti-epileptic drugs (Gröber and 
Kisters, 2012). A total of 50 participants (n= 24 males, n= 26 females) were included, 34 (n=18 male, 
n=16 female) were University athletes competing in rowing, basketball, cycling, racket sports, rugby, 
swimming, triathlon and other. The remaining 16 participants were recruited as controls (n= 6 male, n= 
10 female).  
 
4.3.2 Protocol 
This observational study assessed vitamin D status, dietary intake and physical performance from spring 
(February/ March 2018) to summer (May/ June 2018) over the course of a competitive sporting season 
(BUCS) at the University of Surrey. Ethical approval for the study was provided by the national Health 
Research Authority (HRA).  
Test periods consisted of two separate test days, which were performed in the same order at baseline 
(spring) and the second visit (summer). On day one participants provided written informed consent, 
after which they provided a fasted blood sample and conducted upper and lower body muscular strength 
assessments, as shown in Figure 4.1. On the second day participants attended the lab and completed an 
assessment of muscular power (countermovement jump) and aerobic fitness. Self-reported 5-day food 
diaries were also collected to assess average calcium and vitamin D intake.  
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Figure 4.1 Schematic diagram of protocol 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Upper and lower body dynamometry 
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4.3.3 Predictors of sunlight exposure 
Dosimeters were also collected during the second study day to measure sunlight exposure. Sunlight 
exposure was measured through the use of UVB dosimetry using badges composed of a polysulphone 
film. For the measurement of UV exposure, the badges were read at 330nm on a spectrophotometer 
(Thermo- Scientific Evolution, Fisher Scientific) prior to and after use. The participants were instructed 
to wear these personal dosimeter badges on their outdoor clothing for 5 days.  To detect the amount of 
UV light the participant would habitually be subjected to during their daily routine the badges were 
thereby translated to standard erythemal dose (SED) measurements using the following mathematical 
formula:  
 
SED = 10.7 [∆A330] + 14.3 [∆A330]2 – 26.4 [∆A330]3 + 89.1 [∆A330]4 
 
Where ∆A330 is the change in the absorbance of the film badge from pre-to post-UVB exposure (Darling 
et al., 2013). 
 
4.3.4 Vitamin D status 
For the blood collection, participants were instructed to attend the lab between 7 and 11am after an 
overnight fast (>8 hours). Blood was collected from the anti-cubital vein, plasma (6 mL) was collected 
in EDTA containing tubes and centrifuged at 1,300 g and 4°C for 10 min and serum (10mL) was kept at 
room temperature to clot for an hour before centrifugation at 1,300 g and 22°C. Aliquots of plasma and 
serum were frozen and stored at -20°C until analyses using liquid chromatograph-tandem mass 
spectrometry (LC-MS/MS) method on a Waters Acuity TQD using PFP column following supported 
liquid extraction (SLE) to measure 25(OH)D. 
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4.3.5 Anthropometrics  
Dual-energy x-ray absorptiometry (DEXA; Hologic QDR, Hologic inc., USA) scanning was used to 
assess body composition. Participants were instructed to abstain from vigorous or moderate physical 
activity 24 hours before the scan, wear light clothing and remove any items containing reflective or 
metallic material before the scan. Participants were encouraged to wear the same items of clothing 
during both measurements in the spring and summer term. Participants were positioned on the DEXA 
for body composition according to standard procedure. All participants were encouraged to wear the 
same items of clothing for both the spring and summertime measurements. 
 
4.3.6 Physical performance parameters 
Muscle strength of the upper body was assessed using a hand grip dynamometer (5401 Takei Scientific 
Instruments Co. Japan). Participants were instructed to hold the dynamometer in their dominant hand 
whilst standing and to hold the instrument above their heads and squeeze whilst returning their arm to 
their hip with fully extended elbow. This was repeated three times consecutively, the highest reading 
from the attempts has been reported (kg). The dominant hand was identified by the participant as the 
hand used to write or play their respective sport with.  
 
Participants were expected to complete three counter movement jumps (CMJ) separated by a minute’s 
rest. This was measured using an Optojump (Microgate Co., NY). Participants were instructed to 
complete a CMJ for familiarisation and to ensure the correct technique was performed. Correct jumping 
technique was from a standing position with hands on hips, making an approximate 90º bend in the knee 
then immediately extending the knees and hips to jump vertically off the ground and landing with soft 
feet.   
 
Isokinetic torque of the knee extensor muscles was assessed on an Isokinetic dynamometer (CSMI 
Humac Norm, Stoughton, MA). Participants completed a 5-min warm up on a cycle ergometer (~75W) 
before being seated on the isokinetic dynamometer with their non-dominant leg secured at 90o knee 
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flexion. The non-dominant leg was identified by the participant as the leg they do not strike off first 
when walking from a standstill position. Participants were instructed to perform three sub-maximal 
contractions (25, 50 and 75% of maximal load) separated by a 30 second rest to familiarise them with 
the equipment. Knee extension maximal voluntary contraction (MVC) was measured through three 5-
second maximal contractions separated by 1 minute rest. MVC was determined from the highest peak 
torque, the highest torque (Nm) of all three maximal contractions is reported.  
 
Aerobic fitness was tested using a VO2MAX exercise protocol using a stationary cycle ergometer (Monark 
LC6 Novo, Monark Sweden), the test consisted of progressive increments in cycling workload until 
volitional fatigue. Athletes warmed up at a set power output of 100W for females and 125W males for 3 
minutes before commencing a ramp test with an increment of 25W/ minute at >70rpm. Controls 
performed a 3-minute warm up at a lower power output of 75W for females and 100W for males at a set 
time of 3 minutes before the 25W/minute increments commenced. A cadence of >70rpm was instructed 
to be maintained throughout the test. VO2MAX was determined using a Vyntus CPX (Vyaire medical 
inc.) metabolic cart. All participants wore a heart rate strap to monitor and measure maximal heart rate 
(Polar T31, Polar Electro). Once participants reached maximal exertion or could not maintain a cadence 
above 60rpm despite verbal encouragement the test was stopped immediately and they were instructed 
to continue cycling for a cool down of 3 minutes at 75W before stepping off the cycle ergometer.  
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4.3.7 Illness and injury questionnaires 
Injury and illness were monitored throughout the 20 weeks of the study due to the associations between 
vitamin D and illness (He et al., 2016). Participants were provided with an injury and illness diary 
(Appendix III) and instructed to complete this every day detailing the intensity and duration of their 
training. They were expected to log when they fell ill during the study and whether they sought medical 
attention. Although this was not a validated questionnaire, the diary was adapted to mimic the 
questionnaire developed by Matthews and colleagues (2010) to quantify the illness symptoms in their 
athletes. 
 
4.3.8 Statistical analysis 
All statistical analysis was performed using SPSS (Version 24; SPSS Inc., Chicago, 2018). Data were 
checked for normality using Shapiro-Wilk’s as n50 participants. Paired and independent t-tests or the 
non-parametric equivalents were carried out on this dataset. Correlations were examined using Pearson 
or Spearman. Significance was set at p≤0.05.   
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4.4 Results 
4.4.1 Subject characteristics 
Athletes were younger (20.81.9y vs. 24.84.2y, p<0.001) than the control population. University 
athletes and controls (23.22.3 vs 24.14.2 kg/m2, p=0.210, Table 4.1) had a healthy BMI, statistical 
tests did not detect a difference between the two groups. However, athletes exhibited a lower body fat 
percentage when compared to their control counterparts (21.56.9% vs. 28.26.7%, respectively; 
p=0.003) but lean body mass didn’t differ between groups (56.011.2 vs. 49.811.6 kg; p=0.09).   
 
 
 
Figure 4.2: Distribution of sport participators and controls 
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Table 4.1 Participant characteristics  
 
   
 Spring Summer 
 
Athletes 
(n=34) 
Controls 
(n=16) 
Combined 
(n=50) 
 
p-value1 
Athletes 
(n=34) 2 
Controls 
(n=16) 2 
Combined 
(n=50) 2 
 
p-value1 
         
Age (y) 20.81.9 24.84.2 223.3 <0.001 - - - - 
Height (m) 1.760.1 1.690.1 1.740.1 0.027 - - - - 
BMI (kg/m2) 23.22.3 24.14.2 23.52.3 - 22.92.0 23.71.8 23.22.0 - 
Body Fat (%) 21.56.9 28.26.7 23.67.5 0.003 22.87.7 26.67.4* 24.17.7 - 
LBM (kg) 56.011.2 49.811.6 54.111.5 - 53.710.5 50.812.0 52.811.0 - 
 25(OH)D (nmol/L) 51.720.5 37.218.9 46.720.9 0.027 66.715.8α 55.618.8* 63.117.3** 0.038 
Vitamin D (µg/d) 3.02.5 3.92.9 3.32.7 - 2.72.3 5.94.8 3.33.3 0.041 
SED 1.41.1 0.81.0 1.2 1.1 - 6.817.3 9.18.6* 7.415.2** - 
         
 
Notes:  Values mean ± SD. n.s= not significant (p>0.05)  
BMI: body mass index; LBM: lean body mass; 25(OH)D: serum 25-hydroxyvitamin D; Training: self-reported hours; SED: standard erythemal dose.  
1 Statistical analysis: Independent t-test between athletes and controls during the spring/ summer season. 
2 Statistical analysis: Paired t-test: α between athletes (p<0.05); * between controls (p<0.05); ** between combined (p<0.05) 
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4.4.2 Vitamin D status and sunlight exposure 
Vitamin D status increased significantly from 46.7±20.9 in spring to 63.1±17.3 nmol/L in summer 
(p<0.001) for the combined groups, as presented in Table 4.1. 25(OH) D concentrations were higher in 
athletes both in the spring (51.720.5 vs. 37.218.9, p=0.03) and summer (66.715.8 vs 55.618.8, 
p=0.04). The individual variation of vitamin D status between the groups throughout the seasons is 
presented in figure 4.3. During the summer term 26% (n=13; n=5 or 40% athletes, n=8 or 60% controls) of 
the cohort had an insufficient vitamin D status (<50nmol/L) despite an increase in SED from 1.2 to 7.4 
(p=0.02) for both groups combined.  5 of which were from the athlete group and the remainder were 
controls, this could be explained by a consistently lower subcutaneous exposure when contrasted to the 
athletic group in spring (0.8 vs. 1.4 SED; p=0.08) and summer (9.1 vs. 6.8 SED; p=0.76) term. In addition 
to this 15% of the athletes and 31% of controls were found to be deficient (<25nmol/L) in spring. During 
the summer term, there were no deficiency levels detected.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.3. Seasonal variation in vitamin D status between the athlete and control group. *p<0.05 for 
the athletes/control groups between seasons. #p<0.05 between athlete and control groups in spring and 
summer terms.  
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4.4.3 Dietary analysis 
Diet diaries were returned to the researchers on the second visit day at both time points; spring and 
summertime.    The response rate was 72% in the spring (n=35) and 56% in summer (n=28).  The 
macronutrient intakes for combined, athletes and controls are presented in Table 4.2a and 4.2b.  The 
micronutrient intake for combined, athletes and control groups are presented in Table 4.2c and 4.2d. The 
EI: BMR for athletes was 0.81  0.23 in the spring and 0.67  0.17 in summer. The EI: BMR for 
controls was 0.75  0.26 in the spring and 0.84  0.13 in summer. For the combined groups the EI: 
BMR was 0.76  0.22 in the spring and 0.77  0.23, therefore underreporting was higher in the athlete 
group during the spring and lower in the summer. However, there was no difference in the prevalence of 
underreporting in the entire cohort.  Paired t-tests revealed that there was no significant difference 
between seasons for macro- or micronutrient intake in both the athlete and control groups. This was also 
the case for the combined group. Independent t-tests revealed that vitamin D intake did not differ 
between athletes and controls in the spring (3.02.5 vs 4.0  3.0 g/d; p=0.272) or summer (2.7  2.3 vs 
5.1 4.5 g/d; p=0.07, respectively). Although athletes had consistently lower vitamin D intake when 
contrasted to controls, this could be contributed to the smaller group of controls recruited and a lower 
number of diaries available for analysis at both time points. Iron intake was also significantly different 
between the athlete and controls in the summer only (12.6 5.2 vs 9.3  2.0 mg/d; p=0.023).
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Table 4.2a. Energy and macronutrient intakes of all participants 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Notes:   1 British Nutrition Foundation: Reference Nutrient Intakes for adults (BNF, 2017) 
2 Department of Health, Dietary Reference Values for Food Energy and Nutrients for the UK, 1991 
3 Statistical analysis: Paired t-test: † (p<0.05) 
 
         
  Energy (kcal)2 CHO (g) Fat (g) Protein (g) CHO (%) Fat (%) Protein (%) 
         
 Mean  SD3 1909.3566.3 209.262.3 69.324.2 97.741.8 41 33 20 
Spring (n=35) Min 923 95 33 26 39 32 11 
 Max 3101 376 260 164 45 75 21 
         
 Mean  SD3 1855.5486.0 194.765.6 75.220.8 93.642.8 39 36 20 
Summer (n=28) Min 981 88 29 34 33 27 14 
 Max 2775 312 112 200 42 36 29 
         
         
   Reference Nutrient Intakes1 <50%2 <35%2 0.75g/kg2 
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Table 4.2b. Energy and macronutrient intakes of athletes and controls 
 
Notes:   1 British Nutrition Foundation: Reference Nutrient Intakes for adults (BNF, 2017)  
  2 Department of Health, Dietary Reference Values for Food Energy and Nutrients for the UK, 1991 
3 Statistical analysis: Independent t-test: † (p<0.05) 
 
 
          
 
  Energy (kcal) CHO (g) Fat (g) Protein (g) CHO (%) Fat (%) Protein (%) 
 
 
 
 
 
Athletes 
         
 Mean  SD3 2030.4584.2 220.165.0 74.126.3 100.339.4 41 33 20 
Spring (n=24) Min 923 95 36 26 39 35 11 
 Max 3101 376 144 162 45 42 21 
         
         
 Mean  SD3 1946.1528.7 203.373.3 79.122.5 98.248.0 39 37 20 
Summer (n=20) Min 980 88 29 34 34 27 14 
 Max 2775 312 112 200 42 36 29 
         
         
Controls 
         
 Mean  SD3 1645.0440.0 185.250.2 59.015.0 92.048.1 42 32 22 
Spring (n=11) Min 1024 127 33 38 47 29 15 
 Max 2206 268 75 164 46 31 30 
         
         
 Mean  SD3 1629.0265.5 173.135.3 65.512.3 82.224.7 40 36 20 
Summer (n=8) Min 1240 123 39 38 37 28 12 
 Max 2132 220 78 123 39 33 23 
         
         
   Reference Nutrient Intakes1 <50%2 <35%2 0.75g/kg2 
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Table 4.2c. Micronutrient intakes of all participants 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Notes:   1 British Nutrition Foundation: Reference Nutrient Intakes for adults (BNF, 2017)  
  2 Department of Health, Dietary Reference Values for Food Energy and Nutrients for the UK, 1991 
3Statistical analysis: Paired t-test: † (p<0.05) 
 
 
 
 
 
  
      
  
Calcium  
(mg) 
Vitamin D 
(g)  
Iron 
(mg) 
Zinc 
(mg) 
      
 Mean  SD 778.8265.1 3.32.7 12.44.4 9.43.8 
Spring (n=35) Min 260 0.2 4 3 
 Max 1411 10 25 17 
      
      
 Mean  SD 781.9276.0 3.43.2 11.64.7 8.93.8 
Summer (n=28) Min 376 0.4 5 4 
 Max 1509 13 27 20 
      
      
Reference Nutrient Intakes1 700mg/d 10g/d 
M: 8.7mg/d 
F:14.8mg/d 
M: 9.5mg/d 
F: 7.0 mg/d 
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Table 4.2d. Micronutrient intakes of athletes and controls 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Notes:    1 British Nutrition Foundation: Reference Nutrient Intakes for adults (BNF, 2017)  
2Statistical analysis: Paired t-test: † (p<0.05)
       
 
  
Calcium  
(mg) 
Vitamin D 
(g)  
Iron 
(g) 
Zinc 
(mg) 
Athletes 
      
 Mean  SD2 807.9276.5 2.92.5 12.94.9 10.03.8 
Spring (n=24) Min 260 0.3 4 3 
 Max 1411 10 25 17 
      
      
 Mean  SD2 800.3311.2 2.72.3 12.65.2 9.34.4 
Summer 
(n=20) 
Min 376 0.5 5 4 
 Max 1509 9 27 20 
      
      
Controls 
 Mean  SD2 715.2237.9 4.03.0 11.43.1 7.93.5 
Spring (n=11) Min 354 0.2 7 4 
 Max 1079 9 17 14 
      
      
 Mean  SD2 736.2165.4 5.14.5 9.32.0 7.70.8 
Summer (n=8) Min 456 0.4 6 6 
 Max 978 13 12 9 
      
       
Reference Nutrient Intakes1 700mg/d 10g/d 
M:8.7mg/d 
F:14.8mg/d 
M: 9.5mg/d 
F: 7.0 mg/d 
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4.4.4 Physical performance 
The athlete group were observed to be physically fitter as they had a stronger upper and lower body 
muscular strength, vertical jump height and aerobic fitness at baseline/ spring when contrasted to 
controls (Table 4.3). Upper body strength was higher in the athlete group during the spring (39.28.7 vs. 
31.19.6 kg, p=0.013) only. There was no statistical difference detected between athletes and control 
group during each term for predictors of lower body muscle strength in spring (241.673.8 vs. 
207.767.3Nm, p=0.128) and summer (251.3103.2 vs. 219.572.3 Nm, p=0.222). Counter movement 
jump (CMJ) was significantly higher in the athlete group during the spring (35.7  6.8 vs. 26.6  8.4 cm 
p=0.008) and in the summer (32.88.9 vs. 26.07.5 cm, p=0.023). Aerobic fitness was also higher in the 
athletic group during the spring (47.38.6 vs 34.88.8 ml/kg/min-1, p=<0.001) and summer (47.810.6 
vs 35.85.1 ml/kg/min-1, p<0.001) term. Following Pearson correlation testing, there was no association 
between vitamin D status and predictors of physical performance in either groups or combined. This 
was also the case when controlling for lean body mass, height and weight.  
 
Although, once separated into ‘insufficient’ (<50nmol/L, (Ross et al., 2011)) and ‘sufficient’ 
(>50nmol/L, (Ross et al., 2011)) groups during both time points there was a distinct difference in 
performance parameters. This is presented in Figure 4.4. The ‘insufficient’ group during spring (n=31) 
had a significantly lower CMJ when contrasted to the significant group (28.9 ± 8.7 vs. 36.1 ± 7.7cm; p= 
0.055) and lower aerobic fitness (40.8 ± 10.7 vs. 47.6 ± 9.1 ml/kg/min-1; p=0.05). This was also 
mirrored in the summer term where the ‘insufficient’ group’s (n=12) jump height (26.4 ± 7.7 vs. 32.4 ± 
9.0 cm; p=0.051) and aerobic fitness (40.8 ± 10.7 vs. 47.6 ± 9.1 ml/kg/min-1; p=0.012) were 
significantly lower than their peers. 58% of those reported with insufficient vitamin D status in spring 
and 36% in summer were University level athletes. Pearson correlations (Table 4.4) only detected an 
association in spring between vitamin D status and jump height (r=0.502, p= 0.015) but not for aerobic 
fitness (r=0.279, p=0.07) within the entire cohort.    
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Table 4.3 Physical parameters 
 
 
   
 
Spring Summer 
 
Athletes 
(n=34) 
Controls 
(n=16) 
Combined 
(n=50) p-value1 
Athletes 
(n=34) 2 
Controls 
(n=16) 2 
Combined 
(n=50) 2 p-value1 
         
Training (hr) 6.84.6 N/A N/A - - - - - 
Handgrip (kg) 39.28.7 31.19.6 37.29.5 0.013 38.813.9α 36.814.9 38.114.1** - 
Knee Extensor Strength (Nm) 241.673.8 207.767.3 230.572.8 - 251.3103.2 219.572.3 240.581.3 - 
CMJ (cm) 35.76.8 26.68.4 31.58.7 0.008 32.88.9 26.07.5 30.59.0 0.023 
VO2MAX (ml/kg/min-1) 47.38.6 34.88.8 43.410.4 <0.001 47.810.6 35.85.1* 44.010.7 <0.001 
         
         
 
Notes:   Values are presented as mean ± SD.   
MVC: Maximal voluntary contraction of the quadriceps; VO2MAX: maximal oxygen uptake; HRMAX: maximal heart rate recorded during aerobic fitness testing; N.S: Not 
significant. 
1 Statistical analysis: Independent t-test between athletes and controls during the spring/ summer season. 
2 Statistical analysis: Paired t-test: α between athletes (p<0.05); * between controls (p<0.05); ** between combined (p<0.05)
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Table 4.4 Pearson testing for correlations between 25(OH)D status and physical performance 
parameters  
 
 
   
 Spring Summer 
 
Athlete Controls Athlete Controls 
 r r r r 
Handgrip (kg) -.217 .149 -.060 .256 
Knee Extensor Strength (nM) -.122 .214 -.005 .174 
CMJ (cm) .423 .384 -.019 .176 
VO2MAX (ml/kg/min-1) .001 .362 .010 .482 
     
 
 
Notes:  
VO2MAX: maximal oxygen uptake 
  CMJ: Counter movement jump 
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Figure 4.4. Mean (SD) A) Countermovement Jump (CMJ) and B) Aerobic fitness (VO2MAX) within the 
insufficient (<50nmol/L) and sufficient (>50nmol/L) groups during the spring and summer term. *p= < 
0.05 
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4.4.5 Illness & injury questionnaire data 
The data collated from the injury and illness questionnaires is presented in Table 4.5. Less than half of 
the diaries were returned to the researchers (48%) during the summer. Independent t-tests revealed that 
there was no difference for the incidence of injury (p=0.207) and illness (0.196) between the groups. 
The athlete group trained for more days than the controls over the 20-week period, however this did not 
approach statistical significance (p=0.065).  
 
 
 
Table 4.5 Injury and illness data collected throughout duration of study 
 
 
 
 
 
 
 
 
 
       
  
Training 
days 
Exercise 
intensity 
Exercise 
duration 
(min) 
Illness 
incidence 
Injury 
count 
       
 Mean  SD 49.226.7 3.30.5 77.825.9 6.812.2 9.320.3 
Athletes (n=16) Min 4 2 48 0 0 
 Max 82 48 143 47 67 
       
       
 Mean  SD 28.916.7 3.01.5 64.549.7 0.92.1 2.35.3 
Controls (n=8) Min 2 0 0 0 0 
 Max 48 5 156 6 15 
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4.5 Discussion 
The principle aim of this study was to examine the effects of regular physical exercise training on the 
relationship between vitamin D status and physical fitness in young active adults and University 
students. We found that in the spring term 20% of our participants were deficient, according to the UK 
guidelines (<25nmol/L, (Department of Health, 2016)) in 25(OH)D, 50% of which were athletes. We 
also provided further insight into the training status of University athletes and the general physical 
health status of UK University students. We observed a significant improvement in vitamin D status 
during the summer in this non-supplemented population group, which most likely can be explained by 
an increased exposure to UVB.   An ‘insufficient’ status negatively impacted physical performance 
across both seasons.  
 
It is known that poor vitamin D status is common within Europe (Cashman et al., 2016) and this has 
also been found particularly within the professional athletic community (Farrokhyar et al., 2015). A lack 
of vitamin D availability has potentially serious health implications, specifically with respect to 
musculoskeletal function (Girgis et al., 2013). Research on vitamin D status at varying latitudes at 
University sport level are predominantly reported in US populations ((Halliday et al., 2011; Forney et 
al., 2014; Villacis et al., 2014; Heller et al., 2015). This study addresses a research gap within vitamin D 
and sport by exploring a UK University athlete population, including the effects of deficiency which 
could be even greater considering the lack of support received from scientific evidence-based nutritional 
and training advice to improve performance for their sport unlike professional athletes.  There is little 
literature regarding University level athletes residing within the UK and considering there are 170 
institutions hosting weekly British Universities and Colleges Sport (BUCS) fixtures across 50 different 
disciplines receiving little nutritional support (BUCS, 2019) more research in this field is warranted. In 
addition to this vitamin D status in young adults is rarely explored, particularly for sedentary students 
residing within the UK (Spiro and Buttriss, 2014) as the vast majority of vitamin D research focusses 
upon children/ adolescent and elderly or institutionalised populations due to its direct influence on bone.  
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To our knowledge this is one of the first studies to explore the effects of seasonal changes in vitamin D 
status from spring to summer through subcutaneous exposure and diet rather than supplementation in 
University athletes. During the summertime, athletes are often encouraged  to get plenty of safe sunlight 
exposure to further increase their vitamin D status alongside  an adequate intake of food sources 
(Maughan et al., 2018). Our results show that University athletes and sedentary students alike improve 
their 25(OH)D status from spring to summer. Even though most participants were able to increase 
vitamin D status, 20% presented with deficiency (<25nmol/L) during the spring. There have been 
multiple health implications that are associated with lower vitamin D status such as osteomalacia, 
lowered muscular strength or function and an increased risk of fractures or incidence of falls 
(Department of Health, 2016). Indeed, our results support this evidence as we found that vitamin D 
insufficiency was associated with a lowered muscular power in spring (r=0.502, p=0.015). This is in line 
with previous literature regarding predictors of lower body muscular strength (Allison et al., 2015) and 
counter movement jump (Close et al., 2013; Jung et al., 2018). A meta-analysis of 29 randomised 
controlled trials also revealed that muscular strength showed a small but significant relationship to 
vitamin D supplementation (Beaudart et al., 2014).  
 
A study by Jerome and colleagues (Jerome et al., 2017) is one of the few studies on vitamin D status at a 
northern latitude for a University population. This study however did not control for supplements and 
measured only at one time point (during the winter; November/December), in addition to this it was 
within a smaller US population of 31 participants. A common theme for many meta-analysis or reviews 
investigating the effects of vitamin D upon physical performance is large heterogeneity due to many 
studies utilising kits rather than the gold standard for measuring serum 25(OH) D; LC-MS. Others use a 
large variety of predictors for muscular strength and aerobic capacity, such as VO2MAX tests (Todd et al., 
2017), 10/20M sprints (Close et al., 2013), 1 rep max measurement (Hildebrand et al., 2016), isokinetic 
dynamometry (Hamilton, 2014) and vertical jump (Koundourakis et al., 2014). In addition to this some 
studies have a large variety of ethnicities in their recruits (Hamilton et al., 2014) which can be a 
confounding factor when examining vitamin D due to the inhibitory nature of melanin (Wacker and 
Holick, 2013).  Therefore, it is suggested that future research focuses upon well-designed RCTs 
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controlling for confounding factors such as different sport participators, seasons, latitudes, sunlight 
exposure, ethnicities and baseline vitamin D status. Although this was not an RCT the authors did 
control for ethnicity, sunlight exposure and provides novel insight into the vitamin D status of 
University students during two seasons.  
 
The vitamin D status of our participants (51.720.5 nmol/L) was reported to be higher at baseline when 
contrasted to other athletic populations at similar latitudes such as an Irish athlete cohort who presented 
with a mean 25(OH)D status of 47.4nmol/L (52°N) at baseline (Todd et al., 2017). In addition to this, 
professional footballers at a similar latitude (52°N) during the summer presented with a very high status 
of 104nmol/L (Morton et al., 2012).  Although, the vitamin D status was significantly lower in the 
control group for our cohort during the spring- (37.218.9 nmol/L) and summertime (55.618.8 nmol/L) 
compared to athletes. Therefore, it could be suggested that sport participation and increased physical 
activity is conducive to maintaining a healthy vitamin D status throughout the year as our athletes 
presented with a vitamin D status of 51.720.5 nmol/L in spring and summer 66.715.8 nmol/L. A 
limitation of our investigation is that sunlight exposure practices was not explored with a validated 
questionnaire, unlike other vitamin D studies (Cashman et al., 2016).  Nonetheless we did measure 
direct sunlight exposure across the seasons, which to our knowledge has not been reported in other 
vitamin D and athletic population studies. Our findings suggest that the University athletes had a higher 
subcutaneous exposure during the spring term (1.41.1) in comparison to the control group (0.81.0). 
Although this did not reach statistical significance (p=0.079) this could be a contributing factor to a 
higher baseline vitamin D status by 14.5nmol/L in the athlete group.  
 
The measured physical fitness parameters illustrate the physical fitness of UK University athletes. When 
contrasted against a Greek professional footballer cohort the University athletes had a lower VO2MAX at 
baseline at 47.38.6 vs. 59.43.1ml/kg/min-1 (Koundourakis et al., 2014). Irish athletes were also found 
to have a higher VO2MAX than our cohort 47.38.6 vs. 50.57.0 ml/kg/min-1 (Todd et al., 2017). In 
addition to this they also performed lower for CMJ when contrasted to a UK-based club level athlete at 
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baseline 35.76.8 vs. 476.9cm (Close et al., 2013). However, when contrasted to polish athletes at a 
similar latitude (51N) during the winter our athlete’s MVC of the knee extensor was greater at 
241.673.8 vs. 234.2 37.5 Nm (Książek et al., 2016), thereby further contributing to current 
knowledge regarding the physical fitness of a variety of different University athletes competing within 
the UK. Specifically, regarding their vitamin D status and physical performance parameters over two 
academic semesters at a higher latitude of 51°N. This information could potentially be beneficial to 
inform the risk of vitamin D insufficiency across University populations, particularly as there have been 
links found between vitamin D status and upper respiratory tract infection (URTI) prevention (He et al., 
2013). Further investigation into this UK population is warranted to determine whether they carry equal 
or greater risk of vitamin D deficiency in comparison to the general population and professional 
athletes. 
 
4.6 Strengths  
 
This study used the gold standard measurements for the measurement of s-25(OH) D status. We also 
conducted DEXA scans to analyse body composition, which is considered to be the gold standard 
measurement as well.  
 
This study conducted novel observations to determine the effects of vitamin D status upon University 
athlete’s markers of performance from spring to summer, and considered how the training and 
competition may influence their status in contrast to sedentary controls. This study also highlights the 
sufficiency/ insufficiency status within a University cohort residing in the UK, for which there is little 
evidence.  
 
The measurement of sunlight exposure was also unique to this study as many investigating the effects of 
vitamin D on sporting performance lack control for sunlight exposure in their athletes. This could be a 
significant confounding factor, considering UVB exposure is the primary source of vitamin D due to a 
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lack of vitamin D rich dietary sources. In addition to this, we also recruited a specific ethnicity to 
control for the effects of sunlight exposure upon vitamin D status (as melanin inhibits UVB exposure 
which was previously discussed).  
 
This study also measured a wide variety of different predictors of physical performance, including upper 
and lower body strength. This therefore, adds to current knowledge regarding the physical fitness of UK 
University athletes and students for which there is little literature.  
 
This was conducted at unique time points for vitamin D, this is because not many studies focus upon 
athletes’ status during the summer as the assumption is that they will receive adequate sunlight exposure 
to raise their springtime status thereby contributing to current knowledge. 
 
4.7 Limitations  
 
We did not measure year-round physical performance and vitamin D status due to the population we 
were utilising; University students. Therefore, we were restricted by time due to holidays. In addition to 
this, had we wanted to conduct a year-round study we wouldn’t have been able to maintain the dropout 
rate that we had due to students leaving for consolidation years or graduating from the University.  
 
We could not control for their training outside of their respective sports, therefore potentially 
confounding our results. However, it is difficult to control for this in a free-living cohort competing in 
multiple sports even if we had recruited from a specific group of athletes there would be a considerable 
individual variation in training status and physical fitness. This could also be dependent upon positions 
in their team; for example, in Rugby Union the forwards are traditionally larger in body mass than the 
backs.  
 
  The D-BIICEP Study II: Physical Performance 
 132 
We did not recruit from one or two particular sports, although we had tried during recruitment to solely 
recruit members of specific teams that were competing in higher BUCS leagues. We did not get the 
response we had initially expected and so opened up the study to those whom were extremely interested 
in participating.  
 
We recruited an older subset for controls, this was predominantly because of word of mouth spreading 
thereby recruiting a higher proportion of postgraduate students. 
Due to our limited budget we were unable to take muscle biopsies, which may have provided us with 
more information regarding the effects of vitamin D status upon muscular integrity and performance on 
a subset of the athletes in comparison to controls. It would have also been interesting to examine the 
genetic profile of some of our athletes and observe how potential SNPs affected their vitamin D status. 
This could have been analysed using PaxGene blood RNA tubes and analysed at another independent 
lab.  
 
4.8 Conclusions 
 
In conclusion we provide information regarding the vitamin D status and physical fitness of white-
caucasian University athletes at the end of a competitive season (March-June). We also provide 
information on the 25(OH)D status and physical health of sedentary University students, for which there 
is limited evidence. We found that an insufficient status negatively impacts predictors of muscular 
power and aerobic fitness in these populations. Training and competing for their respective sports could 
be considered protective as it resulted in the athletes achieving a higher vitamin D status when 
compared to controls during the Summer term. Therefore, it is essential to maintain vitamin D status at 
an adequate level (>50nmol/L) year-round particularly when residing at a latitude where UVB exposure 
is negligible during the winter months. These data suggest that University athletes and students are at 
risk of vitamin D insufficiency and further research is warranted on the interrelationship between low 
vitamin D status, athletic performance and health for those residing at northern latitudes such as the UK.  
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5.1 Introduction 
As discussed in chapter 1.2, vitamin D plays a vital role upon bone health due to its direct effects on 
calcium homeostasis and controls the absorption of dietary calcium from the jejunum /ileum. The active 
form of vitamin D (1,25(OH)2D3) also plays a major role upon the resorption/ formation of bone and in 
the kidneys by parathyroid hormone (PTH). Furthermore, 1,25(OH)2D3 effects the function of 
osteoblasts, which are responsible for bone formation and turnover (Girgis et al., 2013). As bone 
throughout the life cycle is constantly remodelled, obtaining an optimum bone mass is essential to avoid 
osteoporosis in later life, especially for women as almost 2% of bone mass is lost during menopause. 
Moreover, an increase in 10% of total BMD (specifically during early adulthood) can potentially half 
the risk of an osteoporotic fracture in later life (Viljakainen et al., 2016). 
 
 Due to the mechanical stressors that physical activity (Frost, 1987) exerts upon bone, it can potentially 
preserve total BMD mass or reduce the incidence of falls within an individual (Bloomfield et al., 2004). 
Weight bearing (or loading) exercises such as rugby and basketball evoke very different mechanical 
loading profiles on the bone compared to non-weight bearing exercises such as swimming (Santos et al., 
2017) and can therefore also play an instrumental role in bone health. An example of this is a high 
impact sport, such as gymnastics which is characterized by high-impact mechanical loading generating 
large forces through the skeleton. Young female national-level gymnasts were found to have a greater 
BMC and BMD following quantitative ultrasound during a three-year longitudinal study. They also 
presented with a 13-28% greater BMD (dependent upon the skeletal site) following DEXA scans when 
contrasted to healthy age-matched controls (Nurmi-Lawton et al., 2003). These findings were also 
reflected within a recent review, which concluded that prolonged participation in gymnastics from a 
young age positively influences bone accrual and is considered osteogenic for bone development 
throughout childhood, which is a sensitive period for maximising peak bone mass attainment (Jürimäe et 
al., 2018). Moreover, children participating in gymnastics at a recreational level also present with 
superior bone mass when contrasted to controls, thereby illustrating the importance of weight-bearing 
physical activity at a young age. Furthermore, sport participation during the University years is also 
imperative as there is still an opportunity to attain peak bone mass during early adulthood until 28 years 
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old (Weaver et al., 2016). 239 USA female University athletes participating in 16 different loading/ 
non-loading sports were observed. Low-impact and loading classified sports such as swimming/ diving, 
rowing and synchronized swimmers presented with smaller lumbar spine and/ or whole body BMD 
when compared to athletes participating in other loading sports such as basketball and volleyball 
(Tenforde et al., 2018). These findings have also been replicated in other female University athletic 
cohorts investigating the effects of different sports upon predictors of bone mass (Mudd et al., 2007; 
Stanforth et al., 2014). Although, few have investigated bone health within male athletes and future 
research should also consider recruiting a European University athletic population as a comparative to 
the wealth of research from USA cohorts.  
 
The preservation of bone mass is imperative for overall health and athletic performance, this is because 
stress fractures can cause major set-backs in physical fitness for professionals and University athletes 
alike. Stress fractures are observed within professional athletes, accounting for 0.7% to 20% of all 
clinical injuries (Fredericson et al., 2006). Notably, University athletes present with a higher incidence 
of injury, which is illustrated by the findings of a 10-year longitudinal observational study into stress 
fracture incidence within USA University athletes competing in 25 sports (Rizzone et al., 2017).  Stress 
fractures in females occurred at higher rates than males across all sports, which is novel considering that 
endurance sports are the principal focus within female athletes due to concerns over relative energy 
deficiency in sports (RED-S; Mountjoy et al., 2018), formerly recognized as the female athlete triad 
(Tenforde et al., 2018).  Military personnel cohorts are also at an elevated risk of suffering from a stress 
fracture following research from across the globe (Sivakumar et al., 2019; Davey et al., 2014). 
Therefore, the accrual of a greater BMD during early adulthood is key and more emphasis should be 
placed upon physical activity for the prevention of stress fracture incidence. This is because stress 
fractures notoriously require the longest recovery time for a musculoskeletal injury (Sharma and 
Heagerty, 2017) and are more likely to re-occur (Rizzone et al., 2017).  
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Another key component that constitutes a superior bone health is an adequate availability of vitamin D 
and calcium, these both have direct effects upon bone resorption and formation across the life-span. The 
current literature suggests that sufficient levels of serum vitamin D status are imperative for the 
optimisation of bone mass in active (Davey et al., 2014; Sivakumar et al., 2019) and inactive younger/ 
older adults (Bischoff-Ferrari et al., 2004). Although, the literature remains conflicted as a group in 
Qatar found that vitamin D status did not predict BMD in their professional athletes (Allison et al., 
2015). Thus, there has been much interest in the role of vitamin D deficiency or insufficiency in athletic 
populations and their bone health (Farrokhyar et al., 2016), however there is little evidence for those 
regularly partaking in University sport residing within the UK. In line with this, little is known of the 
effects of different sports and vitamin D status on bone health within University athletes. Previous 
research has also failed to provide definitive conclusions upon the associations between Vitamin D 
status and predictors of bone health within the UK as most research has been at lower latitudes such as 
the USA and Middle East (Forney et al., 2014; Allison et al., 2015, respectively). 
 
5.2 Aims  
The principal aim was to examine the differences in bone biochemistry, bone quantity and quality 
between loading and non-loading athletes.  A secondary aim is to examine the associations between 
vitamin D status and predictors of bone health.  We hypothesized that loading athletes had a higher bone 
density and improved bone quality in comparison to the non-loading athletes. In addition to this we 
hypothesize that a lower vitamin D status may be associated with poorer bone health and quality. 
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5.3 Methods 
5.3.1 Protocol 
Participants were recruited as part of the D-BIICEP II Study and followed the observational study 
protocol as described in Section 4.1. In summary, healthy University athletes and controls aged 19-28 
years were observed across a 20-week period in the spring (February-March 2018) and summer (May-
June 2018) terms. They attended two study day visits for data collection, which consisted of two 
separate test days.  
 
Athletes who participated in cycling, swimming, rowing and healthy controls were classified as non-
loading (n=23). Athletes who participated in weight-bearing sports such as basketball, rugby, skiing, 
triathlon, fencing and racket sports were classified as loading (n=25). 
 
5.3.2Whole body and hip bone mineral density (BMD) 
Body composition (absolute and relative amount of lean and fat mass), whole body bone mineral density 
and hip were measured with the use of DEXA scan (Hologic QDR, Hologic inc. USA) located in the 
Sport & Exercise Science laboratories based in the Clinical Investigation Unit. Two scans were 
performed: one for the assessment of whole-body bone mineral density and body composition, and the 
other scan was performed to specifically assess fracture risk by scanning the hip and femoral head. 
Participants were positioned along the centre of the table according to University policy within the scan 
limit borders on the pad. The participants were instructed to remove all metal objects, shoes or any sport 
gear with reflective material as this may negatively impact the scan quality. Female participants were 
asked to wear a sport bra without any underwire or metal straps. All piercings were requested to be 
removed and they were instructed to wear light clothing to the visit. They were also instructed to refrain 
from any strenuous or moderate exercise 24 hours before the scans. Participants were encouraged to 
wear the same items of light clothing at both time points.  
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The first scan performed was the proximal femur, their leg was internally rotated until the foot rested on 
the slope of the foot positioner. The laser of the scan was positioned by the researchers, the scan started 
below the greater trochanter and above the shaft of the femur. Immediately after the hip scan was 
completed, a whole-body bone density and body composition scan was performed. The participants 
were repositioned with their toes pointing inwards, this was held by a fabric elasticated band to make 
sure they were comfortable as they had to maintain this difficult position for over 7 minutes. This also 
ensured that during the whole-body scan participants did not move.  
 
5.3.3 Tibial bone mineral content (BMC) and density (BMD) 
A Peripheral Quantitative Computed Tomography (pQCT) scan (XCT 2000, Stratec Medizintechnik 
GmbH, Germany) was performed on the non-dominant tibia to measure volumetric bone mineral 
density across two separate sites; the distal end (4%) and mid-shaft (66%). The researchers determined 
tibial length as the distance (mm) from the medial malleolus to the medial condyle, the scanner was then 
positioned at the distal tibia and a scout view was carried out to position the reference lines for the scan. 
The non-dominant leg was identified as the leg that they lead with when walking from a stand still 
position towards the researchers or the leg not used to play their respective sport with unless they had 
broken or fractured it in the past as this could affect pQCT results.  
 
5.3.4 Measurement of bone biochemical properties 
 Blood samples were collected from participants on the first study visit, they were instructed to attend 
the lab between 7 and 11am after an overnight fast (>8 hours). Bloods were collected and processed 
according to the protocol described in 4.2.4. Vitamin D was measured using liquid chromatograph-
tandem mass spectrometry (LC-MS/MS) method on a Waters Acuity TQD using PFP column following 
supported liquid extraction (SLE). Parathyroid hormone (PTH) was measured using intact PTH assays 
(Abbott Laboratories). Calcium was measured using a calcium assay (Abbott Laboratories) on the 
ARCHITECT cSystem. Serum calcium concentrations were adjusted for albumin levels at a separate lab  
(Imperial College NHS, London) thus, our results are presented as corrected calcium.   
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5.3.5 Statistical analysis 
All statistical analysis were performed with the use of SPSS software (Version 24; SPSS Inc., Chicago, 
2018). Data were checked for normality using Shapiro Wilk’s. Paired and independent t-tests or the non-
parametric equivalents were carried out on this dataset. Correlations were examined using Pearson or 
Spearman, otherwise the non-parametric equivalent was used. Differences were considered significant at 
p<0.05. Where multiple correlations were applied to the data, a Bonferroni corrections were applied.  
 
5.4 Results 
5.4.1 Anthropometrics and biochemical bone parameters 
As shown in Table 5.1 there were no differences detected in height and BMI for both cohorts at either 
time points. However, the loading group was older than the non-loading group (20.6±1.9 vs. 23.5±3.8 y; 
p=0.003).  There was a significant difference detected in the body fat % of the loading and non-loading 
groups during both the spring and summertime measurements (21.5±7 vs. 25.8±7%, p=0.04; 21.5±7 vs. 
26.5±7%, p=0.02, respectively).  Lean body mass was also higher in the summer for the loading group 
(56.3±11.8 vs. 51.6 10.9 kg; p=0.03).  
 
There was no significant difference detected in the vitamin D status between loading groups at both time 
points. However, both groups significantly improved their vitamin D status from spring to summer. The 
loading cohort had significantly lower PTH levels when contrasted to the non-loading group (4.3±1.7 
vs. 5.5±2.1 pmol/L; p=0.029) at the summertime measurement. Corrected calcium levels didn’t differ 
between either time periods. 
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Table 5.1 Anthropometrics and biochemical bone parameters 
 
 
   
                       
                                     Spring 
 
                       Summer  
 Loading 
(n=25) 
Non-loading 
(n=23) 
Combined 
(n=48) 
 
p-value2 
Loading 
(n=25) 4 
Non-loading 
(n=23) 4 
Combined3 
(n=48)  
 
p-value2 
         
Male 16 (64%) 9 (39%) 25 (52%) - - - - - 
Age (y) 20.6±1.9 23.5±3.8 22.0±3.3 0.003 - - - - 
Height (m) 1.76±0.1 1.72±0.1 1.74±0.1 - - - - - 
BMI (kg/m2) 23.6±2.4 23.3±2.3 23.5±2.3 - 23.2±2.1 23.1±2.3 23.2±2.0 - 
Body Fat (%) 21.5±7.0 25.8±7.4 23.6±7.5 0.04 21.5±7.1 26.5±7.1 23.8±7.8 0.02 
LBM (kg) 56.3±11.8 51.6±10.9 54.1±11.5 - 56.3±11.8 51.6±10.9 52.8±11.0 0.03 
 25(OH)D (nmol/L) 49.3±18.9 44.3±22.7 46.7±20.9 - 67.3±16.5α 58.4±17.2* 63.1±17.3* - 
PTH (pmol/L) 4.2±1.6 5.1±1.9 4.7±1.8 - 4.3±1.7 5.5±2.1 4.9±2.0 0.03 
CorrCa (mmol/L) 2.4±0.09 2.3±0.1 2.4±0.1 - 2.4±0.1 2.4±0.1 2.4±0.1 - 
         
         
 
Notes:  Values are presented as mean ± SD.  
   BMI: body mass index; LBM: lean body mass; Hb: CorrCa: Corrected Calcium; 25(OH)D: 25-hydroxyvitamin-D; PTH: parathyroid hormone.  
2 Statistical analysis: Independent t-test/ Mann-Whitney U test between non- and loading athletes during spring and summer (σp<0.05). 
3 Statistical analysis: Paired t-test / Wilcoxon rank test: combined (*p<0.05) 
4 Statistical analysis: Paired t-test / Wilcoxon rank test: α between loading athletes (p<0.05); * between non-loading athletes (p<0.05) 
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5.4.1 Self-reported training 
The athletes were the only participants that completed the training record section of the health screening 
questionnaire (Appendix II). 8 of these athletes were classified as non-loading and trained for a 
significantly longer period of time when contrasted to loading athletes as presented in Table 5.2.  
However, the loading athletes incorporated a larger volume of resistance training in their programmes 
with an average of 3.8 hours when contrasted to the non-loading groups average 1.6 hours (p=0.007). 
The longer training times reported by the non-loading groups could be attributed to the sports they are 
engaged in; rowing, cycling and swimming. Rowers and cyclists alike tend to partake in higher volumes 
of aerobic training (Guellich et al., 2009).  
 
 
 
 
 
 
 
Table 5.2 Self-reported training data  
    
 
Loading 
(n=23) 
Non-loading  
(n=8) 
p-value 
    
Training (h/week) 5.2±3.4 11.0±4.7 <0.001 
Aerobic (h/week) 3.3±3.4 5.5±3.0 0.105 
Resistance (h/week) 3.8±1.9 1.6±1.4 0.007 
Sport-specific (h/week) 3.8±1.3 6.1±3.1 0.086 
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5.4.2 Tibial BMD and BMC between loading and non-loading university athletes 
 
Differences in tibial BMD and BMC between the loading and non-loading groups are shown in Table 
5.3. Independent t-tests detected that the loading group had a significantly higher distal (4%) tibial 
BMD by 72mm3 when contrasted to the non-loading group (p=0.023) in the spring. They also had a 
significantly higher distal BMD in the summertime by 56.4 mm3 (p=0.033) as presented in Table 5.3. 
Their BMD decreased across the seasons although paired t-tests between the loading (p=0.265) and 
non-loading (p=0.98) revealed that there was no significant difference. Tibial shaft (66%) total cross-
sectional area (CSA) was higher in the loading group across both seasons, although it only approached 
statistical significance in the summer term (622 vs 421mm2, p=0.024). The loading groups’ total CSA 
significantly improved across the season (141.8 mm2).  
 
Predictors of bone quality showed that trabecular density of the non-loading athletes was significantly 
lower than the loading athletes (p=0.005). The trabecular density of non-loading athletes was 55mg/cm3 
lower than the loading athlete group, although the loading group lost a considerable amount of 
trabecular density (-26 mg/cm3) across the seasons whilst the non-loading was observed to maintain 
theirs (+6.1 mg/cm3) but these changes did not reach statistical significance.  
 
The loading athletes interestingly improved their bone density across the seasons in comparison to the 
non-loading group at the tibial shaft, including BMC, CSA, Cortical CSA and strength strain index 
(SSI). Moreover, when the groups were combined, cortical CSA (173.9 vs. 205.9mm2, p=0.021) and 
strength strain index (1362.5 vs. 1768.8 mm2, p=0.024) also improved from spring to summer. 
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Table 5.3 Tibial bone mineral density and bone mineral content  
 
   
 
Spring Summer 
 
Loading 
(n=25) 
Non-loading 
(n=23) 
Combined 
(n=48) 
 
p-value2 
Loading 
(n=25)4 
Non-loading 
(n=23)4 
Combined 
(n=48)3 
 
p-value2 
4% Tibia         
         
BMC (g/cm) 3.5±0.6 3.2±0.8 3.3±0.7 - 3.5±0.7 3.2±0.8 3.3±0.7 - 
Total CSA (mm2)  821.6±232.1 889.9±335.8 854.3±285.4 - 853.9±226.2 889.9±335.8 872.5±236.4 - 
BMD (mm3) 452.3±113.8 380.3±97.2 417.8±111.1 0.023 417.7±83.3 361.3±88.2 391.4±89.3 0.033 
Trab vBMD (mg/cm3)  258.0±71.8 203.9±54.1 232.1±68.9 0.005 232.6±41.0 210.0±52.2 222.1±47.4 - 
         
66% Tibia         
         
BMC (g/cm) 2.5±0.5 2.7±1.0 2.6±0.8 - 3.3±1.3α 2.5±1.0 2.9±1.2 0.018 
Total CSA (mm2) 480.2±145.5 471.9±225.2 476.2±185.9 - 622.0±363.5α 421.7±188.0 528.5±308.8 0.024 
BMD (mm3)*    559.5±124.4 627.2±152.2 591.9±141.1 - 605.3±162.3 604.0±135.7 604.7±148.8 0.033 
Crt CSA (mm2)  160.2±61.9 188.8±71.9 173.9±67.7 - 224.8±78.9α 184.4±59.0 205.9±72.4* - 
Crt vBMD(mg/cm3)  1036.9±80.7 1095.3±30.1 1064.9±68.0 0.002 1070.7±49.8 1082.3±33.4 1076.1±42.9 - 
SSI (mm2)* 1247.7±452.8 1487.2±767.4 1362.5±628.5 - 2085.6±1248.3α 1406.8±763.3 1768.8±1093.9* 0.032 
         
         
 
Notes:   Values are presented as mean ± SD.  
BMC: bone mineral content; BMD: bone mineral density; CSA: cross-sectional area; Trab: Trabecular; Crt: cortical; vBMD: volumetric bone mineral density; SSI: strength strain index 
2 Statistical analysis: Independent t-test/ Mann-Whitney U test between non- and loading athletes during spring and summer (σp<0.05). 
3 Statistical analysis: Paired t-test / Wilcoxon rank test: combined (*p<0.05) 
4 Statistical analysis: Paired t-test / Wilcoxon rank test: α between loading athletes (p<0.05); * between non-loading athletes (p<0.05)
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5.4.3 Whole body and hip bone density  
 
The dataset obtained from the DEXA scans conducted in spring and summer terms is presented 
in Table 5.4. There were no differences seen between the seasons following paired t-test 
analysis for all three groups. However, there was a variety of differences observed between the 
groups such as the loading group presented with a higher femoral neck BMD, BMC and T-
scores at baseline in comparison to the non-loading group (p=<0.001; p=<0.001; p=0.01, 
respectively). The loading group had a greater trochanter BMC (p=0.001) by 0.2 g and BMD by 
2.6g/cm2 (p=<0.001) when contrasted to the non-loading groups. There was no significance in 
whole body bone cross-sectional area, BMD or BMC between the groups at baseline.  
 
During the summer there were many significant differences exhibited between the two groups, 
whole body BMD and BMC was higher in the loading athletes (1.3 ± 0.1 vs 1.2 ± 0.1 g/cm2; 
p=0.012 and 2746 ± 496 vs. 2425 ± 396g; p=0.021, respectively). The loading group also had a 
higher BMD (+0.2 g/cm2), BMC (+0.9g) and t-score (+1.09) at the femoral neck. They also had 
a significantly higher trochanter BMD (+0.2 g/cm2) and BMC (+2.5g) when compared to the 
non-loading group.  
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Table 5.4 Whole body and hip bone mineral density (BMD) and composition (BMC) 
 
   
 
Spring 
 
Summer 
 
 Loading 
(n=25) 
Non-loading 
(n=23) 
Combined 
(n=48) 
 
p-value2 
Loading 
(n=25)4 
Non-loading 
(n=23)4 
Combined 
(n=48)3 
 
p-value2 
         
Whole Body         
CSA (cm2) 2188.5±253.2 2112.6±215.9 2152.1±236.7 - 2180.2±211.4 2065.8±221.6 2124.3±221.6 - 
BMD(g/cm2) 1.2±0.1 1.2±0.1 1.2±0.1 - 1.3±0.1 1.2±0.1 1.2±0.1 0.012 
BMC (g)  2739.4±546.5 2539.6±434.5 2643.7±501.0 - 2746±496.0 2425.0±396.3 2589.1±473.6 0.021 
         
Femoral Neck         
CSA (cm2) 5.2±0.5 5.0±0.4 5.1±0.5 - 5.2±0.5 5.0±0.5 5.1±0.5 - 
BMD (g/cm2) 1.1±0.2 0.9±0.1 1.0±0.2 <0.001 1.0±0.2 0.8±0.1 1.0±0.2 <0.001 
BMC (g) 5.6±1.3 4.5±0.8 5.1±1.2 <0.001 5.4±1.2 4.5±0.8 4.9±1.1 0.003 
T-score  1.2±1.3 1.1±1.2 0.6±1.3 0.01 1.05±1.2 -0.04±1.1 0.5±1.3 0.011 
         
Trochanter         
CSA (cm) 11.8±1.8 10.8±1.9 11.3±1.9 - 11.6±1.6 10.8±2.0 11.2±1.8 - 
BMD (g/cm2) 0.9±0.2 0.7±0.1 0.8±0.2 0.001 0.9±0.1 0.7±0.1 0.8±0.1 0.001 
BMC (g) 10.7±2.9 8.1±1.9 9.5±2.8 <0.001 10.5±2.7 8.0±2.0 9.2±2.7 <0.001 
         
         
 
Notes:   Values are presented as mean ± SD.  
BMC: bone mineral content; BMD: bone mineral density; CSA: cross-sectional area; Trab: Trabecular; Crt: cortical; vBMD: volumetric bone mineral density; SSI: strength strain index; WB: 
whole body; FN: femoral neck; Troch: trochanter 
2 Statistical analysis: Independent t-test/ Mann-Whitney U test between non- and loading athletes during spring and summer (σp<0.05). 
3 Statistical analysis: Paired t-test / Wilcoxon rank test: combined (*p<0.05) 
4 Statistical analysis: Paired t-test / Wilcoxon rank test: α between loading athletes (p<0.05); ‡ between non-loading athletes (p<0.05)
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5.4.4 Associations between vitamin D status and bone 
 
The data in Table 5.5 shows correlation values between vitamin D status and the pQCT bone profiles of 
loading and non-loading groups.  The positive and negative correlations with vitamin D detailed in 
Table 5.5 are presented graphically in Figures 5.1-5.5 for both the loading and non-loading groups.  
 
 
Table 5.5 Partial correlations between s-25(OH)D and tibial bone geometry  
 
 
     
 Spring Summer 
 Loading Non-Loading Loading Non-Loading 
 r r r r 
     
4% Tibia     
BMC (g/cm) -.326 .681* .138 .186 
Total CSA (mm2) -.674** .682* .226 .132 
BMD (mm3) .746*** -.540* -.197 .006 
Trab vBMD (mg/cm3) -.674 .682* -.077 -.155 
     
66% Tibia     
BMC (g/cm) -.488* .547* .072 .002 
Total CSA (mm2) -.018 .423 -.081 .097 
BMD (mm3) -.310 -.073 .235 -.060 
Crt CSA (mm2) -.594** .574* -.428* .015 
Crt vBMD(mg/cm3) -.615** .122 .259 .057 
SSI (mm2) 
 
-.638** .440 .112 -.077 
     
 
 
 Controlling for BMI, Height and Weight 
*p<0.05, **p<0.01 ***p<0.001  
Bonferroni acceptance set at <0.01 and <0.008 for 4% and 66% Tibia, respectively. 
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Figure 5.1 Scatterplots of 25(OH)D against distal tibial CSA (mm2) in the loading and non-loading 
group during the spring term. Partial correlation, controlling for height, weight and BMI 
 
 
 
Figure 5.2 Scatterplot of 25(OH)D against distal tibial BMD (mm3) in the loading and non-loading 
groups during the spring term. Partial correlation, controlling for height, weight and BMI, p- and r- 
values are presented. 
 
 
Figure 5.3 Scatterplot of 25(OH)D against trabecular volumetric BMD (mg/cm3) in the loading and 
non-loading groups during the spring term. Partial correlation, controlling for height, weight and BMI. 
P- and r- values are presented.  
r= 0.746 
p< 0.001 
 
r= - 0.540 
p=   0.021 
r= - 0.674 
p=  0.114 
r= 0.682 
p= 0.003  
r= - 0.674 
p= 0.002 
r= 0.682 
p= 0.002 
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Figure 5.4 Scatterplot of 25(OH)D against tibial shaft BMC (g/cm) in loading and non-loading groups 
during the spring term. Partial correlation, controlling for height, weight and BMI. 
 
 
 
 
Figure 5.5 Scatterplot of 25(OH)D against cortical CSA (mm2) in loading and non-loading groups 
during the spring term. Partial correlation, controlling for height, weight and BMI.  
 
 
 
 
 
 
 
 
 
 
 
 
r= -.594 
p= 0.009 
 
r= 0.574 
p=0.013 
 
r= 0.547 
p= 0.018 
r= 0.547 
p=0.018 
r= -.488 
p= 0.042 
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The data in Table 5.6 shows correlation values between vitamin D status and the DEXA bone profiles of 
loading and non-loading groups.  The positive and negative correlations with vitamin D detailed in 
Table 5.6 are presented graphically in Figures 5.6-5.12. Only in the non-loading group were positive 
association between vitamin D and bone parameters observed.  
 
 
 
Table 5.6 Correlations between s-25(OH)D, whole body and hip bone mineral density (BMD), 
composition (BMC) and total cross-sectional area (CSA)  
 
 
     
 Spring Summer 
 Loading Non-Loading Loading Non-loading 
 r r r r 
     
Whole Body     
BMD (g/cm2) .105 .493* .255 .294 
BMC (g)  .180 .365 .259 .364 
CSA (cm2) .206 .103 .220 .334 
     
Femoral Neck     
BMD (g/cm2) .072 .685**† .253 .524* 
BMC (g) -.301 .679**† .123 .445* 
CSA (cm2) -.449* .093 -.161 .002 
T-score .253 .518 .299 .505 
     
Trochanter     
BMD (g/cm2) -.067 .691**† -.077 -.155 
BMC (g) -.232 .489* .330 .397 
CSA (cm) -.185 -.134 .276 .104 
     
     
 
 Controlling for BMI, Height and Weight. 
*p<0.05, **p<0.01 ***p<0.001 
†Bonfferoni corrections accepted significance <0.02 
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Figure 5.6 Scatterplot of 25(OH)D against whole body BMD (g/cm2) in the both groups during the 
spring term. Partial correlation controlling for height, weight and BMI. 
 
 
Figure 5.7 Scatterplot of 25(OH)D against femoral neck BMD (g/cm2) and BMC (g) in the non-loading 
group during the spring term. Partial correlation controlling for height, weight and BMI. 
 
Figure 5.8 Scatterplot of 25(OH)D against femoral neck BMD (g/cm2) and BMC (g) in the non-loading 
group during the summer term. Partial correlation controlling for height, weight and BMI. 
r= 0.105 
p=0.679 
 
r=0.494 
p=0.037 
 
r= 0.685 
p= 0.002 
 
r= 0.679 
p= 0.002 
r= 0.445 
p= 0.056 
 
r=0.524 
p= 0.021 
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Figure 5.9 Scatterplot of 25(OH)D against trochanter BMD (g/cm2) and BMC (g) in the non-loading 
group during the spring term. Partial correlation, controlling for height, weight and BMI. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.10 Scatterplot of 25(OH)D against whole body BMD (g/cm2) and BMC (g) in the non-loading 
group during the summer term. Partial correlation, controlling for height, weight and BMI. 
 
 
Figure 5.11 Scatterplot of 25(OH)D against whole body BMD (g/cm2) and BMC (g) in the non-loading 
group during the summer term. Partial correlation, controlling for height, weight and BMI. 
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Figure 5.12 Scatterplot of 25(OH)D against whole body BMD (g/cm2) and BMC (g) in the non-loading 
group during the summer term. Partial correlation, controlling for height, weight and BMI. 
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5.4.5 Seasonal changes in vitamin D status for non-loading, loading and combined groups 
 
For the loading, non-loading and combined cohorts there was a significant difference from spring to 
summer in vitamin D (serum 25(OH)D) status. There was no significant difference between the loading 
and non-loading group’s vitamin D status, although the loading group did have a consistently higher 
status during the spring (+5 nmol/L) and summer (+8.9 nmol/L) time points as presented in Table 5.1.  
 
 
 Spring Summer 
Loading (nmol/L) 49.3 ± 18.9 67.3 ±16.5 
Non-Loading  (nmol/L) 44.3 ± 22.7 58.4 ± 17.2 
Combined  (nmol/L) 46.7 ± 20.9 63.1 ± 17.3 
 
Figure 5.13 25(OH)D status (Mean ± SD) during the spring and summer; *p<0.05 for change over 
time in loading, non-loading and combined groups. 
 
 
* 
* 
* 
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5.4.6 Seasonal changes in PTH for non-loading, loading and combined groups 
There was no significant difference detected between spring and summer for PTH levels in all three 
groups, concomitant with the vitamin D findings. However, the loading group had a significantly lower 
PTH level when contrasted to the non-loading group in the summer (4.3±1.7 vs 5.5±2.1 pmol/L; 
p=0.03). There was no association between vitamin D status and PTH during the spring for the loading 
(r=0.352, p=0.128) or non-loading (r=-0.90, p=0.705) athletes. This was also reflected in the combined 
group (r=0.068, p=0.690). However, during the summer term, there was a negative relationship 
observed between vitamin D status and PTH in the non-loading group (r= -.493, p=0.02) as shown in 
Figure 5.16. However, this did not reach significance in the loading group (r=0.129, p=0.549). When the 
groups were combined in the summer there was also no relationship observed (r=-.266, p=0.07). The 
individual variation of participants across both seasons are presented in Figure 5.15.  
 
 
 
 
Figure 5.14 PTH levels (Mean ± SD) during the spring and summer; *p<0.05 between loading and 
non-loading participants. 
 
 Spring Summer 
Loading (nmol/L) 4.7 ± 1.8 4.9 ± 2.0 
Non-Loading  (nmol/L) 5.1 ± 1.9 5.5 ±2.1 
Combined  (nmol/L) 4.7 ± 1.8 4.9 ± 2.0 
*  
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Figure 5.15 Individual variation in PTH levels (pmol/L) between spring and summer. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.16 Associations between vitamin D status and parathyroid hormone during the summer term 
for the non-loading athletes. Where dashed line represents sufficiency cut-off (>50nmol/L) and 
the blue represents deficiency (<25nmol/L).  
 
r = -0.493  
p =  0.020 
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5.5 Discussion 
The principle aim of the study was to compare the bone biochemistry, geometry and density between 
weight-bearing and non-weight bearing groups (or loading and non-loading).  The study further 
examined the associations between vitamin D status and predictors of bone health within the two 
groups. This study provided novel insight into the bone health of University level athletes and how 
weight-bearing sports and vitamin D status may influence these parameters. To our knowledge this was 
one of the first studies examining the bone parameters of a higher latitude UK-dwelling University level 
athlete cohort. 
 
The loading group had a larger bone mineral density at both time points for distal tibia (4%). However, 
there was only a significant difference observed at the mid-shaft (66%) tibial total cross-sectional area 
(CSA), BMC, BMD and strength strain index (SSI) in the summer term between the non- and loading 
group. This remained true in the Spring for femoral neck (FN) and trochanter BMD and BMC. During 
the summer there was a significant difference between groups for the majority of DEXA bone 
parameters except for whole body, FN and trochanteral CSA. Therefore, the loading group had a larger 
bone size and greater bone quality across the seasons, which included mid shaft tibial BMC, CSA, SSI 
and cortical CSA.  
 
A smaller BMD and BMC at both the FN and trochanter regions within the non-loading groups 
concurred with previous literature examining the effects of a weight-bearing sport upon bone health 
(Minnett et al., 2017). This is attributed to the mechanical strain that is placed upon bone through the 
sport or exercise that an individual engages in. Muscular contraction also plays a vital role at enhancing 
bone strength, which is why incorporating a resistance training regime for non-weight bearing sports is 
imperative due to the lack of mechanical stress; a key example of this is swimming (Bouxsein, 2005). 
Previous literature corresponds with this, resistance (Goolsby et al., 2017) and plyometric training are 
most effective at improving bone quality when contrasted to other exercise programmes (Santos et al., 
2017). This was reflected in our results as although the non-loading group self-reported a higher training 
volume than the loading cohort (p<0.001), the volume of resistance training was significantly higher in 
the loading group (p=0.007) thereby contributing to a higher BMD for the tibia, FN and trochanter in 
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our loading group. An Italian study investigating athletes also replicated these findings, weight bearing 
or high impact athletes  
 
had a higher whole-body BMD when contrasted to age-matched controls (Andreoli et al., 2000).  A 
Norwegian group examining the bone density of multiple sports observed that their high impact athletes 
had a higher whole body (1.24 g/cm2), trochanter (1.03g/cm2) and FN (1.23 g/cm2) BMD when 
compared to low and even medium impact sports (Torstveit and Sundgot-Borgen, 2005). Although our 
loading athletes are not elite they presented with a higher whole-body BMD (1.3g/cm2) in the summer 
and were lower by a meagre 0.1g/cm2 at the trochanter and FN when contrasted to these Norwegian 
athletes.  Their cohort consisted of similar athletes including basketball and racket sports for their high 
impact and low impact included swimmers and cyclists.  
 
Interestingly, the loading group had notably lower PTH levels at both time points for the spring and 
summer however, this only reached statistical significance in the summer (p=0.03). PTH is directly 
related to bone due to its direct impact on the leaching or addition of calcium within bone thereby 
inducing it to form or degrade (Sai, Walters and Fang et al., 2011). Thus, PTH could be a key 
contributing factor to a greater BMD and quality as observed within our loading group. However, a 
limitation to this study is that we did not explore the bone resorption markers to determine whether the 
non-loading athletes were resorbing bone. This could account for the higher PTH levels observed for 
this group across both seasons. In addition to this, the associations between vitamin D status and PTH 
for both groups is not in accordance with the previous literature (Sai et al., 2011) as the only 
associations found between vitamin D status and PTH was within the loading group during summer.   
 
There were associations found between tibial pQCT and DEXA measurements with vitamin D status in 
both non-/loading groups, although this is not in accordance with recent literature (Allison et al., 2015). 
Our findings for the loading athletes was in accordance with Redzic, Lewis and Thomas (2013) as we 
found no association between vitamin D status and predictors of bone strength at the hip, trochanter and 
for whole body following DEXA measurements at both time points. However, to our knowledge this is 
one of the first studies to investigate the effects of season upon vitamin D status and its subsequent 
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relationship with predictors of bone geometry and density within UK collegiate athletes. Many studies 
exclusively investigate the BMD/BMC at one site, such as the lumbar spine or whole body (Cassity et 
al., 2016). Whereas this study observed the effects of vitamin D upon multiple skeletal sites. This 
included sites such as the trochanter and FN, both of which are active loading sites. Vitamin D status 
was associated with tibial bone strength in the non-loading group, particularly at the distal tibia (4%) 
during the spring. It also was associated with BMD and BMC at the FN during both seasons, there were 
positive associations between the BMD and BMC at the trochanter and even total body BMD observed 
at spring exclusively in the non-loading group. It is proposed that this association may only be apparent 
in the non-loading group as the benefit of competing/ training within a loading or weight-bearing sport 
may out-weigh the negative impact of an (in)sufficient vitamin D status. This is surmised because 
differences were only observed in the spring, which could be attributed to a lower vitamin D status. 
These findings were consistent with current research; a lowered vitamin D status negatively influences 
bone health (Owens et al., 2018).  
 
5.6 Strengths 
The principle strength of the study is that it is one of the first to examine the effects of a seasonal change 
in vitamin D status upon predictors of bone health and geometry to be completed within a UK university 
athlete cohort.  
 
The study used the gold standard measurement for bone density by utilising a DEXA scan at both time 
points. Moreover, DEXA scans are considered to be a well-reputed method of measuring body 
composition. This study also utilised another highly reputed bone quality measurement method (pQCT) 
to evaluate the seasonal changes in bone geometry; including cortical and trabecular bone. Participants 
were provided with specific instructions as well to control for variables that could affect the scan quality 
such as wearing the same items of clothing during both seasons and to refrain from exercise for 24 hours 
before the scan. Both bone scans were performed by the same researcher on the same day as well to 
eliminate any confounding factors such as a different positioning technique.  
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The serum 25(OH)D status were measured using the gold-standard measurement technique of LC-
MS/MS. Plasma PTH was also measured using intact PTH assays, a method that is well-reputed. Both 
measurements were conducted at a separate accredited laboratory (NHS Imperial College, London). 
 
Further blood samples were also collected at each visit to allow for the secondary analysis such as bone 
turnover markers thereby expanding the opportunity for research from this one particular study. 
 
5.7 Limitations  
 
If time were not a limiting factor, it would have been useful to measure bone density longitudinally 
across the year for the collegiate athletes. However, due to the nature of University sport and the 
academic year this would have made it difficult to investigate within the same participants.  
 
It would have been beneficial to recruit a larger number of participants but due to time constraints 
regarding the vitamin D seasons this made it more of a challenge to recruit enough University students 
before the spring term commenced in February 2018. It would have been more beneficial if the 
University of Surrey had a larger sporting population similar to the collegiate cohorts in the USA which 
would have made it easier to recruit a larger collegiate athlete group.  
 
As this study was only run in caucasian athletes, it would be interesting to open it up to other ethnic 
groups. This is due to the significant effects of ethnicity upon bone and vitamin D status. Not only this 
but it would have been useful to further current knowledge regarding UK University athletes as ethnic 
diversity remains underreported within previous research on vitamin D and bone health.   
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5.8 Conclusion 
 
In conclusion, we demonstrated that there was a significant positive relationship between vitamin D 
status, bone density and bone quality. These relationships were only shown for bone quality in the 
spring as participants presented with a lower vitamin D status. Moreover, it was observed that bone 
mineral density was higher in the loading athletes. In addition to this, PTH levels were consistently 
lower in the loading group, which could suggest that this group were not resorbing bone and this would 
certainly be an area of further investigation.  Whilst University athletes are not directly comparable to 
the physical fitness of professionals we showed that the participation in regular training at University 
level had a positive effect upon their bone health. This would have an important implication for a young 
adult to thereby improve their total body bone mass and enable them to maintain this bone development 
into later life stages. 
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Chapter 6: Contralateral Comparisons 
within Racket Sport University Athletes & 
Age-Matched Controls 
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6.1 Introduction 
 
Optimal bone health is imperative to prevent osteopenia and the onset of osteoporosis in later life. A 
higher peak bone mass is one strategy to help decrease fracture risk in later life (Jackowski et al., 2011). 
Thus, more importance should be placed upon bone health and exercise for the improvement of this 
during adolescence and young adulthood where peak bone mass should be optimised. Adulthood is 
regarded as a critical time for bone maintenance, or more commonly referred to as a consolidation 
period, as previously discussed in Section 1.2 (Santos, Elliott-Sale and Sale, 2017).  
 
Following the investigation of professional tennis players in 1977, it was discovered that the dominant 
arm had a larger length from the proximal to the distal end of the humerus.  This was consistent for both 
male and female professional athletes as they presented with a greater humeral diameter and cortical 
thickness in the dominant playing arm (Jones et al., 1977). Following this Harold Frost (Frost, 1987) 
first introduced the mechanostat theory within which he outlined that postnatal human load bearing 
bones adapt to changes in their mechanical environment. Moreover, he proposed a mechanostat model 
accounting for the resorption and formation of bone where it discusses that mechanically-mediated bone 
remodelling is essentially ‘u’ shaped from disuse to overload; from resorption to formation threshold 
(Hughes and Petit, 2010).  Thus, it has been examined that exercise elicits a positive effect upon bone 
health, through the activation of this mechanostat model. This is because of the mechanical stimulus and 
forces it exerts on multiple skeletal sites within the human body. Granted, this is dependent upon the 
modality of the exercise or sport an individual partakes in (Scott et al., 2011). Athletes taking part in 
non-weight bearing sports such as rowing or cycling typically have lower BMD when compared to high 
impact/ weight-bearing sports participators like gymnasts (Weidauer et al., 2014).  
 
Due to the repetitive mechanical loading some unilateral sports place upon bone it can provoke a change 
in bone composition and density between the limbs of the same individual. This has been shown in 
racket sport athletes (Pluim et al., 2007) and baseball players (Warden et al., 2019),  as a result of 
‘dominant’ arm utilisation. A superior BMD is also presented in the lower body of high impact athletes 
such as judoists (Ito et al., 2016) however, contralateral comparisons were not investigated. There is a 
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lack of research within the collegiate and recreational athlete cohorts with respect to the side-side 
comparisons in racket sport athletes. Also, studies investigating were published over 10 years ago 
(Ducher et al., 2005; Haapasalo et al., 2000; Kannus et al., 1994).  Moreover, there is a lack of studies 
investigating the seasonal effects of racket sport participation upon BMD and its association with 
vitamin D status.  
 
6.2 Aims 
The principle aim of this study was to investigate the contralateral differences in bone mineral density or 
bone composition between racket sport University athletes and healthy age-matched controls. A 
secondary aim was to examine the associations between vitamin D and bone health in both groups. We 
hypothesized that racket sport athletes will have superior bone mineral density and content in the 
dominant arm when contrasted to the control group. 
 
6.3 Methods 
 
6.3.1 Protocol 
 Participants were recruited as part of the D-BIICEP 2 Study and followed the observational study 
protocol as described in 4.1. In summary, healthy University athletes and controls aged 19-28 years 
were observed across a 20-week period in the spring (February-March 2018) and summer (May-June 
2018) terms. They attended two study day visits for data collection, which consisted of two separate test 
days. Athletes who participated in racket sports; squash (n=6) or tennis (n=1) and healthy age-matched 
controls (n=7) were selected for this study. Healthy age-matched controls were selected according to 
their gender (n=5), age and dominant side by the researchers.  
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6.3.2 Relevant data 
The data relevant and therefore included in these analyses include diet diary, bone parameter 
measurements; DEXA and pQCT scans, anthropometric data; lean body mass, body fat percentage and 
BMI bone biochemical markers such as vitamin D and PTH. All protocols for the bone scans, 
anthropometrics and blood sample processing are described in section 5.3. Dominant/ non-dominant 
limbs were determined at both study test days. The dominant arm was identified as the arm that athletes 
played their respective sport with, specifically their racket arm. For controls it was the hand that they 
wrote with or what participants considered to be their dominant arm. Their dominant leg was 
determined by stepping towards the researchers from a standstill/ the sport they play their respective 
sport with.  
 
6.3.3 Statistical analysis 
All statistical analysis were performed with the use of SPSS software (Version 24; SPSS Inc., Chicago, 
2018). Data were checked for normality, paired and independent t-tests or the non-parametric 
equivalents were carried out on this dataset. Correlations were examined using Pearson or Spearman, 
otherwise the non-parametric equivalent was used. A mixed between-within subjects analysis of 
variance (ANOVA) model was utilised to assess the contralateral differences within the athletes or 
control group at both time points. Differences were considered significant at p<0.05.  
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6.4 Results 
6.4.1 Baseline anthropometry and biochemistry 
There were little differences shown between the two groups for both spring and summertime. However, 
due to there being limited differences between the BMI and age is encouraging that we selected 
appropriate age-matched controls for this investigation. Following paired t-testing there was no 
significant difference detected between the body fat percentage between the racket sport athletes and 
controls (19.4  4.1 vs 26.1  7.7%). During the summertime the controls had significantly reduced 
their body fat percentage by 3.3% whilst athletes maintained theirs. Lean body mass was also higher in 
the athlete group although this did not approach significance in the spring (61.0  10.3 vs 54.6  10.7 
kg) or summer (58.1  9.0 vs 55.3  12.4kg). Training was higher for the University athletes, this is 
because the controls were recruited as they didn’t meet current UK recommendations for physical 
activity (Bull et al., 2010). As shown in Table 6.1, 93% (n=13) of our cohort were self-reported as right-
side dominant. 
 
Predictors of bone biochemistry did not differ between the two groups for PTH or corrected calcium at 
both time points. However, 25(OH) D status was significantly higher at baseline when contrasted to the 
controls in the spring (67.1  28.4 vs. 32.2  23.4 nmol/L; p=0.04). Although it did not reach statistical 
significance, the athletes maintained a higher status than the controls in the summertime (73.3  19.8 vs. 
53.9  16.6 nmol/L). This was despite the controls increasing their 25(OH) D status by 21.7nmol/L from 
the spring to summer.   
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Table 6.1 Anthropometrics and biochemical bone parameters 
 
  
                                                                Spring Summer 
 
Racket 
(n=7) 
Controls 
(n=7) 
Combined 
(n=14)2 
Racket 
(n=7) 4 
Controls 
(n=7) 4 
Combined 
(n=14) 2,3 
Male 5 (71%) 5 (71%) 10 (71%) - - - 
R Sided dominant 6 (86%) 7 (100%) 13 (93%) - - - 
Age (y) 20.40.8 23.34.1 21.93.2 - - - 
SED 0.70.5 0.91.2 0.80.9 1.91.3α 14.29.8 8.36.5σ 
Vitamin D intake (g/d) 2.41.3 5.33.4 3.62.7σ 2.31.7 5.33.4 3.73.1 
Calcium intake (mg/d) 879.2331.2 822.0251.3 855.4289.2 925.9394.3 823.2109.6 868.8259.3 
       
Height (m) 1.790.04 1.750.1 1.770.1 - - - 
BMI (kg/m2) 23.72.8 23.72.5 23.72.8 22.71.9 23.52.2 23.12.0 
Body Fat (%) 19.44.1 26.17.7 22.86.9 19.63.9 22.87.4* 21.32.0 
LBM (kg) 61.010.3 54.610.7 57.810.6 58.19.0 55.312.4 56.610.6 
       
Training        
Aerobic (h) 1.81.6 - - - - - 
Resistance (h) 3.63.0 - - - - - 
Sport Specific (h) 2.51.8 - - - - - 
Training history (years)  9.73.0 - - - - - 
       
Biochemistry       
 25(OH)D (nmol/L) 67.128.4 32.223.4 46.730.3σ 73.319.8 53.916.6* 73.319.8* 
PTH (pmol/L) 5.01.8 4.00.9 4.41.4 4.82.4 4.72.2 4.82.4 
CorrCa (mmol/L) 2.30.1 2.30.1 2.30.1 2.40.1 2.40.2 2.40.1 
       
 
Notes:   Values are presented as mean ± SD.  
 BMI: body mass index; LBM: lean body mass; CorrCa: Corrected Calcium; 25(OH)D: serum 25-hydroxyvitamin-D; PTH: parathyroid hormone.  
2 Statistical analysis: Independent t-test/ Mann-Whitney U test between racket sport athletes and controls during spring and summer (σp<0.05). 
3 Statistical analysis: Paired t-test / Wilcoxon rank test: combined (*p<0.05) 
4 Statistical analysis: Paired t-test / Wilcoxon rank test: c between racket sport athletes (p<0.05); * between controls (p<0.05)
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6.4.2 Changes in bone composition  
Following tibial measurement of the non-dominant leg (Table 6.2) there were minimal differences 
shown between racket athletes and controls for predictors of BMD and BMC. However, there were 
significant differences observed between predictors of cortical bone. The total cortical area, thickness 
and vBMD were observed to be significantly lower in the athlete group when contrasted to the controls 
during the spring term only. The athlete’s cortical area significantly improved across the seasons from 
88.3  55.8 to 215.5  89.8 mm2 (p=0.047) as did cortical thickness from 1.53  1.1 to 3.17  0.89 mm 
(p=0.026). Meanwhile controls maintained their cortical area and thickness across the seasons (194.8  
95.0 to 226.9  112.6 mm2 and 2.74  0.60 to 3.06  1.01 mm). Athletes were the only group to improve 
their distal tibial area from 712.8  330.0 to 909.2  265.4 mm2 (p=0.026).  
 
Following hip and whole body DEXA scans the athlete group had higher bone quality throughout both 
seasons, including BMD and BMC. During the spring the athlete group had a significantly greater 
femoral neck BMD (1.1  0.2 vs. 0.9  0.1g/cm2; p=0.005) and BMC (5.8 1.3 vs. 4.5  0.8g; p=0.05) 
when contrasted to the controls. This also concurred with trochanter BMD (1.0  0.2 vs. 0.7  0.1g/cm2; 
p=0.007) and BMC (11.7  2.2 vs. 8.4  1.7g; p=0.009) during the spring term. Unlike the seasonal 
changes shown in Table 6.1 for bone geometry there was no improvement for either groups following 
paired t-testing for whole body and hip densitometry. However, as both groups maintained their bone 
across the seasons there were differences between the groups detected for the trochanter BMD 
(p=0.015), BMC (p=0.026) and femoral neck BMD (p=0.016).
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Table 6.2 Tibial bone geometry 
 
   
 
Spring Summer 
 
Racket 
(n=7) 
Controls 
(n=7) 
Combined 
(n=14)2 
Racket 
(n=7)4 
Controls 
(n=7)4 
Combined 
(n=14)2,3 
4% Tibia       
       
BMC (g/cm) 3.50.8 3.21.0 3.40.8 3.40.7 3.20.8 3.30.7 
Total CSA (mm2)  712.8330.0 877.1450.4 795.0388.8 909.2265.4σ 865.0308.3 885.4278.2 
BMD (mm3) 528.8133.8 416.5129.8 472.6139.4 386.780.4 399.2117.8 393.498.4 
Trab vBMD (mg/cm3)  514.4179.2 589.0167.0 551.7170.9 648.1184.4 549.6143.0 595.1164.4 
       
66% Tibia       
       
BMC (g/cm) 2.00.2 2.81.3 2.41.0 3.11.2 2.71.7 2.91.4 
Total CSA (mm2) 442.6204.7 527.0309.4 141.693.0 539.6315.4 483.3293.9 509.3292.4 
BMD (mm3) 514.4179.2 589.0167.0 1028.4103.9 648.1184.4 549.6143.0 595.1164.4 
Crt CSA (mm2)  88.355.8 194.895.0 141.693.0σ 215.589.8σ 226.9112.6 221.297.3 
Crt vBMD(mg/cm3)  972.8123.8 108429.1 1028.4103.9 1061.341.5 1068.430.4 1064.834.9 
Crt Thx (mm) 1.51.1 2.70.6 2.11.0σ 3.20.9σ 3.11.0 3.10.9 
SSI (mm2) 744.9104.6 1732.31235.4 1238.6985.8 1968.01259.1 1803.01370.3 1879.21267.6 
       
       
 
Notes:   Values are presented as mean ± SD.  
BMC: bone mineral content; BMD: bone mineral density; CSA: cross-sectional area; Trab: Trabecular; Crt: cortical; vBMD: volumetric bone mineral density; Thx: Thickness; 
SSI: strength strain index 
2 Statistical analysis: Independent t-test between racket sport athletes and controls during spring and summer (σp<0.05). 
3 Statistical analysis: Paired t-test: combined (*p<0.05) 
4 Statistical analysis: Paired t-test: α between racket sport athletes (p<0.05); *between controls (p<0.05
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Table 6.3 Whole body and hip bone mineral density (BMD) and composition (BMC) 
 
 
   
 
Spring Summer 
 
Racket 
(n=7) 
Controls 
(n=7) 
Combined 
(n=14)2 
Racket 
(n=7) 4 
Controls 
(n=7) 4 
Combined 
(n=14) 2,3 
       
Whole Body       
BMD(g/cm2) 1.30.1 1.20.1 1.20.12 1.20.1 1.20.1 1.20.1 
BMC (g)  2863.3499.2 2648.6483.5 2756.0485.1 2774.9479.3 2648.6483.5 2661.6414.0 
CSA (cm2) 2262.6201.5 2148.9201.0 2205.8202.1 2209.2172.4 2148.9201.0 2170.6177.6 
       
Femoral Neck       
BMD (g/cm2) 1.10.2 0.90.1 1.00.2σσ 1.10.2 0.90.1 1.00.2σ 
BMC (g) 5.81.3 4.50.8 5.21.2σ 5.81.3 4.60.8 5.21.2 
CSA (cm2) 5.10.7 5.20.4 5.10.5 5.00.7 5.20.4 5.10.5 
T-score  1.61.7 -0.60.2 0.71.7 1.61.6 -0.50.2 0.81.6 
       
Trochanter       
BMD (g/cm2) 1.00.2 0.70.1 0.80.2σσ 0.90.1 0.70.1 0.80.2σ 
BMC (g) 11.72.2 8.41.7 10.12.5σσ 11.32.3 8.22.0 9.62.6σ 
CSA (cm) 12.01.2 11.61.5 11.81.3 12.21.4 11.31.9 11.71.7 
       
       
 
Notes:   Values are presented as mean ± SD.  
BMC: bone mineral content; BMD: bone mineral density; CSA: cross-sectional area 
2 Statistical analysis: Independent t-test between racket sport athletes and controls during spring and summer (σp<0.05; σσ p<0.01). 
3 Statistical analysis: Paired t-test: combined (*p<0.05) 
4 Statistical analysis: Paired t-test: α between racket sport athletes (p<0.05); *between controls (p<0.05) 
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6.4.3 Comparisons in upper and lower limbs between athletes and controls 
There were few statistical differences exhibited between the racket and control athletes during the spring 
term following DEXA scans for the body composition of the upper and lower body (Table 6.1 and 6.2, 
respectively). Moreover, the only significant difference observed between the athletes and healthy 
controls was BMD in the right leg. This remained higher during both the spring (1.30.1 vs 1.2 0.1 
mm3; p=0.04) and summer terms (1.3  0.1 vs. 1.2  0.1mm3; p=0.05). Although, the control group had 
significantly reduced their body fat percentage in both their arms but not legs in the summer term.  
 
Observations revealed that the athlete group presented with superior bone health when contrasted to the 
control group at both time points, although these did not reach statistical significance.  Moreover, the 
only statistically significant seasonal improvement shown in bone health was BMC (+2.4g; p=0.04) and 
total CSA in the right leg for athletes (+4cm2; p=0.016) only. Although there was an improvement in 
BMC (+5g; p=0.445) and CSA (+3.2cm2; p=0.579) in the control group, it did not reach statistical 
significance.    
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Table 6.4 Right and Left Arm bone mineral density (BMD) and composition (BMC) 
 
   
 
Spring Summer 
 
Racket 
(n=7) 
Controls 
(n=7) 
Combined2 
(n=14) 
Racket4 
(n=7) 
Controls4 
(n=7) 
Combined 2,3 
(n=14) 
L ARM       
       
Lean (g) 3626.1944.6 3183.31069.6 3404.7996.3 3310.6810.7 3368.81309.4 3342.01064.0 
Fat (%)  17.94.1 25.510.6 21.78.6 19.34.3α 22.910.0* 21.27.8 
Total CSA (cm2) 203.927.0 203.129.2 203.527.0 193.111.4 195.926.2 194.620.0 
BMD (g/cm2) 0.90.1 0.90.2 0.90.1 0.90.1α 0.90.2 0.90.1 
BMC (g)  183.345.8 180.750.5 182.046.3 172.334.3 176.645.6 174.639.2 
       
R ARM       
       
Lean (g) 3818.2864.0 3337.61010.1 3577.9936.8 3586.5952.4α 3316.21219.2 3440.91068.1 
Fat (%)  16.23.7 23.89.7 20.08.1 17.34.1 20.69.1* 19.17.2 
Total CSA (cm2) 211.417.3 202.031.7 206.725.0 208.318.7 190.124.1 198.522.9 
BMD (g/cm2) 0.90.1 0.90.1 0.90.1 0.90.2 0.90.2 0.90.2 
BMC (g)  201.138.0 181.946.3 191.541.9 196.942.9 178.050.8 186.746.4 
       
       
 
Notes:   Values are presented as mean ± SD.  
BMC: bone mineral content; BMD: bone mineral density; CSA: cross-sectional area 
2 Statistical analysis: Independent t-test between racket sport athletes and controls during spring and summer (σp<0.05). 
3 Statistical analysis: Paired t-test: combined (*p<0.05) 
4 Statistical analysis: Paired t-test: α between racket sport athletes (p<0.05); *between controls (p<0.05 
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Table 6.5 Right and Left Leg bone mineral density (BMD) and composition (BMC) 
 
 
   
 
Spring Summer 
 
Racket 
(n=7) 
Controls 
(n=7) 
Combined2 
(n=14)  
Racket4 
(n=7) 
Controls4 
(n=7) 
Combined 2,3 
(n=14) 
L LEG       
       
Lean (g) 10327.71590.6 9212.31568.9 9770.01624.4 9851.21150.8 9247.32096.9 9526.01687.7 
Fat (%)  21.77.1 28.08.6 24.98.3 22.16.3 25.510.8 23.98.8 
Total CSA (cm2) 406.836.3 389.332.6 398.134.3 392.229.0 385.730.8 388.729.0 
BMD (g/cm2) 1.30.1 1.20.1 1.20.1 1.30.1 1.20.1 1.20.1 
BMC (g)  534.092.9 461.370.7 497.787.8 507.176.0 458.774.7 481.176.4 
       
R LEG       
       
Lean (g) 10506.01574.4 9118.01627.3 9812.01698.5 10110.71231.9 9304.82054.5 9676.81708.1 
Fat (%)  21.36.7 27.78.8 24.58.2 21.26.6 24.910.9 23.29.0 
Total CSA (cm2) 407.940.7 390.934.9 399.437.5 411.934.9α 394.127.1 402.331.0* 
BMD (g/cm2) 1.30.1 1.20.1 1.20.1σ 1.30.1 1.20.1 1.20.1σ 
BMC (g)  530.081.5 455.166.2 492.081.0 532.484.7α 460.156.8 493.577.5* 
       
       
 
Notes:   Values are presented as mean ± SD.  
BMC: bone mineral content; BMD: bone mineral density; CSA: cross-sectional area 
2 Statistical analysis: Independent t-test between racket sport athletes and controls during spring and summer (σp<0.05). 
3 Statistical analysis: Paired t-test: combined (*p<0.05) 
4 Statistical analysis: Paired t-test: α between racket sport athletes (p<0.05); *between controls (p<0.05) 
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6.4.5 Contralateral comparisons within racket sport athletes 
 
Data reported to the researchers revealed that six of the athletes were right-side dominant (Table 
6.1). Therefore, the arms were divided into dominant and non-dominant side to contrast bone and 
body mass between the arms within the athlete. Paired t-tests revealed that the dominant arms 
within the racket sport athletes had greater bone density and composition when compared to their 
left arms, data are presented in Table 6.6. They also were observed to have a higher lean mass in 
their dominant arm during the spring (+154.3g; p=0.006) and summer terms (+275.9g; p=0.025). 
Fat mass was also consistently lower in the dominant arm during the spring (-1.7%; p=0.003) and 
summer (2.0%; p=0.002). Furthermore; BMC, total CSA and even BMD were greater in the 
dominant arm. Following calculations to determine contralateral differences, the athletes 
exhibited a greater 8.0% BMD in the spring and 5.6% in the summer. Correlations revealed that 
training years was positive correlated with BMD (r=0.884; p=0.008) and BMC (r=0.801; 
p=0.030) in the spring. It was also positively correlated with BMD (r=0.842; p=0.036) and BMC 
(r=0.871; p=0.024) in the summer. This demonstrates that the mechanical loading of the right/ 
dominant side adopted by racket sport players improves lean and bone mass in the arm utilised. 
Not only this, but training for years in their respective sport has a significant influence upon BMD 
and BMC. Figures 6.1 and 6.2 illustrate the differences for body and bone composition across the 
University season. 
 
Table 6.6 Contralateral comparisons of the dominant and non-dominant arms within the racket sport 
athlete group 
 
   
 
Spring 
(n=7) 
Summer 
(n=7) 
 
Non-Dominant 
Arm 
Dominant 
Arm p-value 
Non-Dominant 
Arm 
Dominant 
Arm p-value 
       
Lean (g) 3562.3839.7 3881.9946.4 0.006 3310.6810.7 3586.5952.4 0.025 
Fat (%)  17.74.2 16.43.7 0.071 19.34.3 17.34.1 0.002 
Total CSA (cm2) 201.623.9 213.620.2 0.007 193.111.4 208.318.7 0.050 
BMD (g/cm2) 0.880.10 0.950.12 0.001 0.890.14 0.940.15 0.007 
BMC (g) 179.940.3 204.441.9 0.003 172.334.3 196.942.9 0.005 
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6.4.7 Contralateral comparisons within the control group 
 
Contralateral comparisons were carried out within the control group to contrast to the athlete group. The 
control group were also right-side dominant, as presented in Table 6.1. There were few differences 
exhibited between the non- and dominant side of the control group for predictors of BMD in spring 
(p=0.796) or summer (p=0.139). Moreover, this group exhibited a 2.3% and 3.4% higher BMD in the 
dominant-side during the spring and summer, respectively. However, the total fat mass within the 
dominant side was significantly lower across both seasons by 1.7% in the spring and 2.3% in the 
summer term. This approached significance as the control group had significantly reduced their total 
body fat content from spring to summer by 3.3% (Table 6.1). However, this group had a higher body fat 
content across both seasons when contrasted to the athlete group in the arms. 
 
 
 
Table 6.7 Contralateral comparisons of the dominant and non-dominant arms within the control group 
 
 
 
 Spring 
(n=7) 
Summer 
(n=7) 
 
Non-Dominant 
Arm Dominant Arm p-value 
Non-Dominant 
Arm Dominant Arm p-value 
Lean (g) 3183.31069.6 3337.61010.1 0.081 3368.81309.4 3316.21219.2 0.378 
Fat (%)  25.510.6 23.89.7 0.004 22.910.0 20.69.1 0.005 
Total CSA (cm2) 203.129.2 202.031.7 0.840 195.926.2 190.124.1 0.058 
BMD (g/cm2) 0.870.16 0.890.14 0.796 0.890.17 0.920.18 0.139 
BMC (g)  180.750.5 181.946.3 0.326 176.645.6 178.050.8 0.694 
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Figure 6.1 Seasonal changes in BMC (g) and Total CSA (cm2) of the dominant/non-dominant arms in 
the athlete and control group *p<0.05 between dominant and non-dominant arm.  
 
Figure 6.2 Seasonal changes in body fat (%) and lean mass (g) of the dominant/non-dominant arms in 
the athlete and control group *p<0.05 between the dominant and non-dominant arm.  
* 
* 
* 
* 
* 
* 
* 
* 
* 
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Figure 6.3  Scatterplot of training history against dominant arm BMC(g) and BMD (g/cm2) in the athlete group during the spring term. 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.4 Scatterplot of training history against dominant arm BMC (g) and BMD (g/cm2) in the athlete group during the summer term.  
r= 0.801 
p=0.030 
r= 0.884 
p=0.008 
r= 0.842 
p=0.036 
 
r= 0.871 
p= 0.024 
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6.4.8 Changes in vitamin D status 
Vitamin D status was significantly lower during the spring for the controls when contrasted to the 
athlete cohort (32.2  23.4 vs. 67.1  28.4 nmol/L; p= 0.041). However, there was no difference during 
the summertime between controls and athletes (53.9  16.6 vs. 73.3  19.8 nmol/L; p=0.070).  
Nevertheless, the control group significantly improved their vitamin D status across the seasons 
(p=0.016) whilst the athlete group remained unaltered (p=0.422). The seasonal changes in vitamin D 
status are illustrated in Figure 6.5. 
 
 
 
Figure 6.5 Line graph to show the difference in 25(OH) D status across both seasons in University 
athletes and controls. *p<0.05 between athletes and controls; σ p<0.05 between seasons in control cohort 
only. 
 
 
 
 
Athletes  (nmol/L)  67.1±28.4  73.3±19.8 
Control (nmol/L) 32.2±23.4  53.9±16.6 
* 
σ 
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6.4.9 Vitamin D Status and associations with bone health 
 
The data in Table 6.7 show correlation values between 25(OH)D status and tibial bone geometry of 
athletes and control groups. The positive correlations with 25(OH)D detailed in Table 6.8 are presented 
graphically in Figure 6.8 for the control group only.  There were few positive correlations shown 
between 25(OH)D status and predictors of bone quality. This included the distal tibial (4%) BMD and 
BMC in the control group only, trabecular vBMD was also positively associated with 25(OH)D status. 
As presented in Figure 6.7 many of the control participants presented with an insufficient status 
(<50nmol/L; IOM guidelines, 2011).  
 
 
 
Table 6.8 Partial correlations between s-25(OH)D and tibial bone geometry†‡ 
 
 
†Controlling for body fat (%) and height (cm) 
*p<0.05; **p<0.01; ‡Bonferroni equation acceptance of significance (p<0.013)
     
 Spring Summer 
 Athletes Controls Athletes Controls 
 r r r r 
     
4% Tibia     
BMC (g/cm) .983 .969**‡ .199 .239 
Total CSA (mm2) .981 .893* .163 -.013 
BMD (mm3) .505 -.607 .972 .409 
Trab vBMD (mg/cm3) -.892 .827 .827 -.784 
     
66% Tibia     
BMC (g/cm) -.916 .104 .995 .200 
Total CSA (mm2) .782 .050 .397 .303 
BMD (mm3) -.892 -.136 -.376 -.178 
Crt CSA (mm2) -.977 .205 .664 .070 
Crt vBMD(mg/cm3) -.841 .322 -.635 -.744 
CrtThx (mm) -.957 .387 -.096 -.109 
SSI (mm2) -.404 -.134 .555 .138 
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Figure 6.6.  Scatterplot of serum 25(OH)D status against distal tibial BMC(g/cm) and 4% Total CSA (mm2) in the control group only. 
Partial correlation, controlling for height and total body fat mass (%) 
 
 
r=0.969 
p=0.007 
r=0.893 
p=0.041 
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The data in Table 6.9 show correlation values between 25(OH)D status and the bone profiles of athletes 
and control groups following DEXA scans of the whole body and hip. Few correlations were seen 
between 25(OH)D status and the bone profiles of both cohorts. Total area of the trochanter was 
associated with 25(OH)D status during the spring term in the athlete group only. Correlations between 
25(OH)D status, femoral neck BMC during the spring and total area of the whole body during the 
summer were observed for the control group.     
 
 
 
 
Table 6.9 Correlation coefficients between s-25(OH)D, whole body and hip bone mineral density 
(BMD) and composition (BMC) †‡ 
 
 
   
 Spring Summer 
 Athletes Controls Athletes Controls 
 r r r r 
     
Whole Body     
BMD(g/cm2) -.693 .357 .314 -.458 
BMC (g)  -.859 .293 .177 .802 
CSA (cm2) -.951 -.167 -.158 .887* 
Femoral Neck     
BMD (g/cm2) -.683 .727 .086 .417 
BMC (g) -.859 .900* .533 .374 
CSA (cm2) -.987 .703 .080 .596 
Trochanter     
BMD (g/cm2) -.823 .640 .352 .599 
BMC (g) -.774 .643 .533 .374 
CSA (cm)    -.965** -.267 .422 -.374 
     
     
 
 
†Controlling for body fat (%) and height (cm) 
*p<0.05; **p<0.01; ‡Bonferroni equation acceptance of significance (p<0.017) 
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The data in Table 6.10 show correlation values between 25(OH)D status and the bone profiles of 
athletes and control groups following DEXA scans of the whole body and hip. Furthermore, few 
correlations were detected at both time points within both cohorts for the upper and lower limb bone 
profiles.  
 
 
 
 
 
Table 6.10 Correlation coefficients between s-25(OH)D, whole body and hip bone mineral density 
(BMD) and composition (BMC) †  
 
 
   
 Spring Summer 
 Athletes Controls Athletes Controls 
 r r r r 
L ARM     
Total CSA (cm2) -.974 .518 -.255 .813 
BMD (g/cm2) -.981 .081 .019 -.355 
BMC (g)  -.990 .463 -.073 .423 
     
R ARM     
Total CSA (cm2) -.723 .285 -.407 .871* 
BMD (g/cm2) -.742 .297 .479 .017 
BMC (g)  -.752 .501 -.028 .593 
     
     
L LEG     
Total CSA (cm2) -.977 .951** .136 .686 
BMD (g/cm2) -.801 .688 .178 .450 
BMC (g)  -.923 .906* .210 .607 
     
R LEG     
Total CSA (cm2) -.986* .724 -.239 .920* 
BMD (g/cm2) -.209 .143 .253 .042 
BMC (g)  -.833 .664 .035 .547 
     
     
 
 
†Controlling for body fat (%) and height (cm) 
 *p<0.05;**p<0.01 
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6.4.5 Changes in PTH  
As shown in Table 6.1, there was no significant difference between the athletes and control groups during 
the spring (4.95  1.80 vs. 3.96  0.87 pmol/L; p=0.861). There was also no significant difference found 
between the groups in the summer (4.77  2.43 vs. 4.73  2.24 pmol/L; p=0.465). This is presented below 
in Figure 6.7. No seasonal changes were found following paired t-tests in either the athlete (p=0.264) or 
control (p=0.977) group. Pearson correlation co-efficient tests were used to determine whether there was an 
association between vitamin D status and PTH. No significant relationship was detected between vitamin D 
and PTH during the spring for the athlete (r=0.478; p=0.415) or control groups (r=0.478; p=0.415). During 
the summer there was no association found within the spring for athlete (r= -0.090; p=0.848) or control (r=-
0.463; p=0.295) group either.  
 
 
 
 
Figure 6.7. Line graph to show the difference in PTH levels across both seasons in athletes and 
controls.  
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6.5 Discussion 
 
The aim of this study was to observe the contralateral difference in BMD or BMC between racket sport 
athletes and healthy age-matched controls. A secondary aim of this study was to determine the 
interrelationship between vitamin D status and predictors of bone health within this cohort. We found that 
vitamin D status increased across the seasons, it approached significance for the control but not the athlete 
group. Seasons did have an effect upon predictors of bone health within the athlete group as we observed an 
increase in femoral and trochanter BMD across the seasons. There was also a considerable difference 
observed between the non- and dominant arms of the racket sport athletes for predictors of bone quality and 
quantity (+8 and +5.6% BMD in spring and summer, respectively). Granted, a limitation of the study is the 
number of participants recruited (n 14). However, there have been few investigations into UK-dwelling 
University racket sport athletes or students in relation to bone health and vitamin D status.  
 
Evidence from previous literature dictates that mechanical loading elicits a positive effect upon bone 
through the optimisation of BMC and areal BMD (Santos et al., 2017). Moreover, the extensive and 
repetitive use of certain limbs recruited as part of certain sports, including pitchers in baseball (Warden 
et al., 2019) and squash players (Haapasalo et al., 1994) can improve bone density in the dominant arm. 
This study mirrored those findings, despite a smaller population group of racket sport University 
athletes and controls (n 14). There is a lack of evidence from a UK cohort as the vast majority have been 
conducted in the USA (Warden et al., 2019; McClanahan et al., 2002) and Finland (Heinonen et al., 
1995; Haapasalo et al., 2000; Kontulainen et al., 2003).  
 
Mean differences were observed between dominant and non-dominant sides in the athlete group (8.0 
and 5.6%) when contrasted to a USA study showing a 17.6% improvement BMD in the dominant arm 
of male athletes (McClanahan et al., 2002). However, we examined our athletes longitudinally across 
two sporting seasons of the University term. Though, it would have been beneficial if this study had 
evaluated the bone health of athletes for a longer time period, commencing at the beginning of the 
competitive University season (September). This is because an improvement in proximal femur BMD 
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was found within a UK military cohort following a year of training (Eleftheriou et al., 2012). 
Conversely, a study conducted on alpine skiers in Japan found that despite investigating collegiate 
athletes for a year there was no significant improvement in BMD between on- or off-season time points 
(Sato et al., 2017). The longitudinal evidence relating to BMD and BMC in University students is still 
conflicted therefore, this study could be of noteworthy contribution to current knowledge.  
 
Vitamin D status was significantly lower for the control cohort when contrasted to the athlete group. 
However, following the assessment of sunlight exposure using dosimetry it was observed that this lower 
status was not attributed to lower sunlight exposure during the summer months. This is because the 
control group presented with a higher SED level in comparison to the racket sport athletes during the 
summer term. Thereby illustrating that the significant increase in their vitamin D status could be 
attributed to a higher sunlight exposure in the summer for the control group. Although, interestingly the 
athletes did not significantly increase their vitamin D status from spring to summer. This could be 
attributed to the nature of the sport Squash; participators train and compete primarily indoors rather than 
outdoors unlike other racket sports such as tennis. It may also be attributed to a low vitamin D intake 
during the spring (2.4g/d) and summer (2.3g/d) when contrasted to the control group. However, both 
groups did not meet the current UK recommendations (10g/d; SACN 2016) although this low intake is 
considered to be representative of the UK population (NDNS, 2019).  
 
Although there were significant changes in vitamin D status across seasons it did not alter predictors of 
bone health. This is because there were few associations found between vitamin D status and bone 
health indices. PTH also did not change across the seasons, this was not correlated with vitamin D even 
when controlling for calcium intake or plasma calcium. A recent study from Sweden concurred with 
these findings; PTH was not associated with vitamin D status within their young adult soccer players 
(Bränströmm et al., 2017). They also found no association between whole body DXA and vitamin D 
status.  These results are comparative to our cohort considering their latitude (63.5N) and data 
collection occurred during the spring, however they only measured one time point.  
  Contralateral Comparisons 
 185 
6.6 Strengths 
 
This study utilised the gold standard measurement method for vitamin D status (LC-MS) and measured 
other biochemical predictors of bone health such as PTH and Calcium. This allowed for the accurate 
prediction of s-25(OH)D status at an independent lab. Moreover, we collected extra blood samples to 
enable us to measure bone turnover markers in the future had we found anything of particular interest. 
 
Utilised gold standard methods for the measurement of bone density; DEXA. Controlled for 
confounding factors that may affect quality of scan through instruction of participants to wear the same 
clothing for the scan at both time points. The same researchers also measured the participant’s bone 
quality using the pQCT to control for any variation in test quality. Few studies investigating 
contralateral BMD also measure bone quality through pQCT thereby making this research particularly 
novel.  
 
Few studies have also explored the bone quality and quantity of racket sport athletes, particularly within 
a University student population. Moreover, previous research did not compare them to University 
student controls residing within the UK 
 
Few studies on bone health in racket sport athletes have explored vitamin D status across two seasons as 
well. This to our knowledge is one of the first studies to investigate the associations between vitamin D, 
PTH and bone quality within this unique group of recreational athletes and their healthy controls. 
 
 
 
 
 
 
 
 
 
 
  Contralateral Comparisons 
 186 
6.7 Limitations 
 
 
It would have been beneficial if this study had evaluated the bone health of athletes at the beginning of 
the University sporting calendar (in September) rather than February. But these data were taken from 
the D-BIICEP 2 study and so we couldn’t control for this.  
 
A short time period between spring and summer; 20 weeks may have been too shorter time frame for 
there to be a significant difference in bone density. Therefore, a longitudinal time period for a year may 
be more beneficial to examine the impact of training and competition at a University level exerts upon 
bone health and quality.  
 
This was a small population group; therefore, it would be more beneficial to have had at least n 20 to 
show whether there was a significant difference between dominant and non-dominant racket arms. This 
is because previous research has had population groups within each sport of over 10 in each sport group. 
Moreover for correlation analysis having a small population group to analyse is not desirable 
 
It would have been more beneficial to have conducted a pQCT on the radius rather than the tibia as this 
is the active loading site of racket sports. Although, this was part of the D-BIICEP II study, which 
principal aims were to examine the bone density or quality within an active loading site such as the 
tibia. This site was selected as the sport participators were weight- or non- weight bearing sports and we 
wanted to make comparisons between these groups, as examined in Chapter 5.  
 
Participants did not attend the lab fasted for the DEXA scan and attended the lab within a time frame of 
+/- 2-4 hour window at both measurement periods (during the spring and summer measurements).  
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6.8 Conclusions  
 
This observational study demonstrated that following training and competition for their respective sport, 
the racket sport athletes presented with a greater BMD in their dominant arm. This is reflected by our 
findings in the spring for total CSA, BMD and BMC of the arm. It was also seen in the summer for total 
CSA, BMD and BMC. These findings are in accordance with previous literature (McClanahan et al., 
2002; Bränströmm et al., 2017; Sato et al., 2017). The persistent biomechanical forces applied to the 
dominant arm recruited also improved lean and fat mass in the dominant arm when contrasted to healthy 
students. This was reflected by positive associations found between training years, BMC and BMD in 
the athletes’ dominant arm. Vitamin D status remained above ‘sufficiency’ (>50nmol/L) status at both 
time points within the athlete group and even PTH remained within normal reference ranges across both 
seasons (1.6-6.9 pmol/L). There was an association found between vitamin D and distal tibial BMC 
during the spring, although there were no others identified following pQCT scans.  Strong negative 
associations were found within the spring between vitamin D status and WB, FN, and trochanter BMD 
and BMC. Although these significant results disappeared following corrections using Bonferroni 
equation of acceptance. This could be due to the lack of ‘insufficient’ (<50nmol/L) participants, as they 
presented with a mean status of 67.1nmol/L during the spring and 73.3nmol/L in the summer term. 
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Chapter 7: General Discussion  
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The purpose of this Doctoral Thesis was to investigate the inter-relationship between vitamin D status and 
musculoskeletal health within University students residing at a high latitude (51°N).  More specifically, the 
main aims of this research were to; (1) examine vitamin D status longitudinally across the University 
competitive seasons (2) examine the implications of vitamin D insufficiency/ deficiency may have upon 
physical performance parameters and (3) determine the effect of regular sport participation has upon bone 
health. Key findings of the work presented in this Thesis are discussed below.  
 
7.1 Key findings  
The series of original experimental investigations presented in this Thesis have shown that vitamin D 
deficiency and insufficiency within UK University populations is common. When combined, the studies in 
this Thesis demonstrate that the ramifications of vitamin D deficiency or insufficiency could potentially 
place an individual at risk of not only reduced bone mineral density (BMD) and mineral content (BMC), 
but also a diminished jump height and lower aerobic fitness.  Moreover, as investigated in Chapters 3-5, the 
dietary intake of vitamin D within this University student population is sub-optimal when contrasted to the 
current UK recommendations (10g/d; SACN, 2016). As there was a high prevalence of vitamin D 
insufficiency within this group it thereby supports this change in public health recommendations issued by 
the Department of Health; from 0 to 10g/d in adults. The participation in sport as a young adult could 
exert a significantly positive influence upon bone health, as discussed in Chapter 3, 5 and 6. This is because 
recreationally active University students had a superior bone profile (Chapter 5) when contrasted to their 
inactive peers. Moreover, sunlight exposure was also investigated using dosimetry (Chapters 4 and 6). This 
showed that despite a higher vitamin D status, University athletes did not have a greater sunlight exposure 
due to outdoor sport-play or physical activity. Therefore, when amalgamated, the studies in this Thesis 
demonstrate that vitamin D is important for musculoskeletal health at a recreational level. Thus, this work 
contributes to further understanding for the positive affect vitamin D has upon sporting performance and 
bone health for individuals residing at a higher latitude, where UVB exposure is limited for almost half a 
year.  
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7.1.1 The D-BIICEP study I 
The D-BIICEP study presented in Chapter 3 was an observational study, primarily designed to evaluate the 
prevalence of vitamin D insufficiency and deficiency in University-level athletes. 37 male and 20 female 
University athletes were recruited into this longitudinal study examining the vitamin D status throughout a 
competitive sporting season from autumn to spring. It also assessed their radial bone health and physical 
performance across the seasons.  
 
Chapter 3 showed that vitamin D status significantly decreased across the seasons within the entire 
University athlete cohort by 25.1 nmol/L (from 56.1±23.3 to 31.0±16.5 nmol/L; p<0.001). More 
importantly, participants presenting with deficient levels (<25nmol/L; SACN, 2016) increased seasonally 
from 7 to 44% (n=4 and 19, respectively). In the Spring 90% of the athletes fell below the ‘sufficiency’ cut-
off level of <50nmol/L and were subsequently classed as ‘insufficient’. When sub-divided into outdoor or 
indoor sport participators, there were no significant differences in vitamin D status. However, as this 
observational study occurred over the autumn and spring (where UVB exposure is negligible; Wacker and 
Holick; 2013) this may explain why there were little to no differences found between the groups at both 
time points. This study also explored the effects of ethnicity (a confounding factor for vitamin D synthesis, 
as discussed within Chapter 2; Clemens et al., 1982) upon the vitamin D status of this athletic group of 
students. It was examined that those who self-identified as Asian-Indian (n=6) and Asian-Chinese (n=2) 
had a consistently lower vitamin D status. This concurred with a study conducted in Qatar whom illustrated 
that ethnicity played a vital role in determining low vitamin D status (Hamilton et al., 2014).  
 
Chapter 3 discussed that despite the significant decline in vitamin D status, it had little effect upon the 
physical fitness parameters of the University athletes. Moreover, predictors of upper and lower body 
muscular strength did not improve following regular competition and training over a University sporting 
season. Although, there was an improvement statistically shown in jump height, it was a marginal 
improvement of only 2.3cm. This study observed that there was a positive relationship in all athletes 
between vitamin D status, aerobic capacity and lower body muscular strength, concurring with previous 
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literature (Close et al., 2013). Although, this was only shown in the autumn term (at baseline) however, this 
could be attributed to the higher prevalence of vitamin D ‘sufficient’ athletes in the autumn when 
contrasted to spring.  
 
Bone density and content were observed to be higher in the outdoor group across both seasons, although it 
only reached statistical significance for trabecular density, distal BMD and BMC at both time points. There 
were no associations shown between vitamin D status and bone health in the autumn and spring. Moreover, 
there was no statistical difference detected between seasons or groups for parathyroid hormone. This would 
have been a determining factor due to its direct influence upon vitamin D metabolism (as discussed in 
Chapter 2). Thus, it was observed that participants presenting with vitamin D deficiency had a higher PTH 
level (shown in Figure 3.8).  
 
7.1.2 The D-BIICEP study II: predictors of physical performance 
Chapter 4, the D-BIICEP study II, focussed primarily upon the effect of vitamin D status upon predictors of 
physical performance in University athletes and healthy inactive students. A total of 50 University students 
were recruited into this longitudinal study; they were then divided according to their self-reported training 
hours at baseline (Appendix II: Health Screening Questionnaire) into athletes or controls. Physical 
performance parameters measured included VO2MAX, jump height, isometric knee strength and hand grip 
dynamometry. This observational study also assessed dietary intake and sunlight exposure of participants 
via dosimetry.  
 
Chapter 4 showed that vitamin D increased from the spring to summer time points by 16.4nmol/L in the 
entire cohort. Athletes presented with a significantly higher vitamin D status during both the spring 
(51.7±20.5 vs. 37.2±18.9 nmol/L) and summer (66.7±15.8 vs 55.6±18.8 nmol/L). Moreover, 10 
participants (5 athletes; 5 controls) were deficient (<25nmol/L) in the spring. There were no participants 
presenting with a vitamin D status below deficiency cut-off levels within the summer term. Athletes 
consumed less vitamin D than the controls during both seasons, however both intakes were representative 
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of a UK cohort with a mean intake <5g/d (NDNS; 2019). Underreporting within both groups was also 
assessed through the calculation of BMR:EI and remained consistent across spring and summer terms (0.76 
and 0.77, respectively). Following the assessment of dosimeters, the athletes had a consistently higher 
standard erythemal dose (SED) during the spring (1.4 SED) but not in the summer (6.8 SED) when 
contrasted to the control group (0.8 and 9.1 SED, respectively).  This was one of the first studies to 
ascertain the effects of vitamin D status upon physical performance and is unique controlling for sunlight 
exposure when contrasted to other recent studies (Jerome et al., 2017; Ksiażek et al.,  2016; Carswell et al., 
2018;Aydın et al., 2019).  
 
This study showed that the athlete group were physically fitter than the control group across both time 
points for upper and lower body strength, jump height and aerobic fitness. A novelty of this study was that 
it explored the physical fitness of University level athletes within the UK, which is currently under-
reported. Furthermore, University sport within the UK is becoming more competitive and participation 
continuously increases annually, thus it is relevant that vitamin D within this cohort be assessed as the 
current research from the USA collegiate groups are not comparative to our cohort.  However, predictors of 
physical performance were not associated with vitamin D status within both groups or during both seasons. 
This was similar to the findings for VO2MAX (Todd et al., 2017), lower body muscular strength (Hamilton et 
al., 2014), upper body muscular strength (Dubnov-Raz et al., 2015) and jump height (Jastrzębska et al., 
2016). However, unlike these investigations, when our cohort was subdivided into ‘insufficient’ 
(<50nmol/L) and ‘sufficient’ (>50nmol/L) groups; there was a significant difference in the performance 
parameters (jump height and aerobic fitness) between the sufficient and insufficient groups (concurrent 
with Close et al., 2011) during both seasons. Thereby illustrating that it is imperative to maintain vitamin D 
sufficiency year-round for physically active populations, including the recreational athlete. 
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7.1.3 The D-BIICEP study II: predictors of bone health 
 
Chapter 5 examined the differences in bone quality and quantity between loading and non-loading athletes. 
The loading and non-loading groups were determined by the nature of their sports regarding the weight-
bearing modality and to include our cohort of healthy sedentary controls. Another aim was to examine the 
associations between vitamin D status and bone profile of loading and non-loading athletes. This 
investigation was part of the D-BIICEP II study and followed the protocol described in Chapter 4.  
 
Chapter 5 highlighted that loading (weight-bearing) athletes had superior bone health when contrasted to 
controls and non-loading athletes. This included a greater bone profile for predictors of tibial BMD, BMC 
and shaft CSA. Moreover, the loading group improved their distal (4%) and mid-shaft (66%) tibial bone 
health between seasons. Tibial bone geometry was associated with vitamin D in the spring term and only in 
the loading group (following Bonferroni corrections); therefore, a higher vitamin D status may be 
protective of bone geometry where UVB exposure is limited within winter and spring.   
 
Following a DEXA scan of the whole body and hip it was discussed that the loading group had higher lean 
body mass, femoral neck and trochanter bone quality and quantity. This also improved across the seasons, 
specifically for whole body, femoral neck and trochanter BMD and BMC. Both the loading and non-
loading groups improved their vitamin D status across the seasons by 18 and 14 nmol/L, respectively.  
Although, this did not improve whole body or hip bone health seasonally, as shown in Table 5.6. However, 
a greater vitamin D status was predictive of an improved bone density at the femoral neck and trochanter 
for the non-loading group in the spring (as shown in Figures 5.7, 5.8 and 5.9). Thus, this chapter indicated 
that the participation in regular training for their respective weight-bearing sport elicits a significant 
positive effect upon predictors of bone health within University students.  
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7.1.4 Contralateral differences in bone for racket sport athletes 
 
Chapter 6 explored the contralateral differences in the bone mineral density and body composition between 
racket sport University athletes and age-matched control students.  It also aimed to examine the differences 
between vitamin D status and its associations with bone health. The data used within this Chapter derived 
from the longitudinal study; D-BIICEP II (Chapter 4). Participants used for this study were racket sport 
athletes (squash and tennis) and their age- and gender-matched controls, as shown within the physical 
characteristics of Table 6.1.  
 
Few differences were observed between bone quantity and quality during both seasons between racket and 
control groups. However, when comparisons were made within subjects for upper and lower body and bone 
mass, there were distinguishable differences between limbs. The racket sport athletes presented with a 
higher lean and lower body fat mass in the dominant arm across both seasons. Furthermore, the athletes 
exhibited a greater BMD, BMC and CSA in the dominant arm during spring and summer.  There were no 
differences exhibited between arms in the control group for bone quality and quantity. Moreover, there 
were few variances seen between the dominant and non-dominant leg within both the athlete and control 
group.   
 
Vitamin D status within the athlete group was significantly higher than the controls in the spring 
(67.1±28.4 vs 32.2±23.4 nmol/L; p<0.001) and summer (73.3±19.8 vs 53.9±16.6 nmol/L). Correlations 
were not shown between vitamin D and predictors of whole body, femoral neck and trochanter bone mass. 
There were few relationships shown between vitamin D and predictors of bone mass in the non- or 
dominant upper and lower limbs. Although, this could be attributed to a sufficient status (>50nmol/L) 
across both seasons as the combined groups mean vitamin D status was 67.1 and 73.3nmol/L during the 
spring and summer. 
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7.2 Strengths and limitations 
The strengths and limitations of the experimental work in this thesis were described in the experimental 
Chapters; 3 to 6. In general, the principal strengths of this research include; the longitudinal study design 
incorporating different seasons (spring, summer and autumn; Chapters 3-5), the within-subjects comparisons 
in upper and lower limb bone and body mass (Chapter 6), the measurement of vitamin D status utilising the 
gold standard LC-MS at an independent lab (Chapters 3-6), the comprehensive assessment of bone quality 
and quantity (Chapters 3-6), the utilisation of a pQCT to measure the bone quality (Chapters 3-6), the 
utilisation of a DEXA to measure bone density and whole body composition (Chapters 4-6), the 
comprehensive assessment of physical performance parameters (Chapters 3 and 5), assessment of PTH 
utilising an independent lab (Chapters 3-6), follow-up of over 3 months (Chapters 3-6), the collection of extra 
blood samples to enable the measurement of other biochemical parameters (Chapters 3-5) and finally, the 
novel use of University student athletes as a cohort due to the lack of research within this population group 
(Chapters 3-6).  Furthermore, this cohort is comparative to the average younger adult population residing 
within the UK when contrasted to current research in elite athletes. Therefore, the combination of these key 
points further strengthens the findings presented in this thesis.  
The limitations of these investigations should be considered for future research. One of the key limitations 
was that this wasn’t a randomised controlled trial supplementing the athletes with vitamin D or a placebo. 
This would enable the researchers to determine the direct influence of vitamin D on physical performance 
and bone health, specifically for Chapters 3 and 4. Another limitation was that the research, although 
longitudinal, was not conducted for a long enough time period to show changes in bone density or quality. 
A larger population group would have also been more beneficial for Chapters 3 and 6, although we did 
recruit a smaller group and managed to retain them.  Another limitation within the recruitment of 
participants was that the researchers hadn’t recruited from specific teams for Chapters 3 and 4. This would 
have enabled the researchers to control for training which could potentially confound physical performance 
outcomes. Technical limitations include the use of radial pQCT rather than tibial, and the absence of a 
DEXA scan to evaluate whole body bone density or body mass (within Chapter 3).  Thus, the application of 
these findings is limited to young physically healthy University athletes or students residing within the UK 
only.  
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7.3 Implications of key findings 
The implications of this work, as one of the larger observational longitudinal study’s investigating a 
University population residing within the UK provided evidence that they are at risk of vitamin D 
deficiency during the winter. Therefore, this could potentially be detrimental to physical performance 
(Chapter 3 and 4) and bone health (Chapter 3 and 5). This study also proved that partaking in sport, even at 
a University level, is beneficial for bone health (Chapter 3-6). Although, this is dependent upon the 
modality of sport; as discussed in Chapter 5 where loading athletes were found to have a superior bone 
quality and quantity when contrasted to controls and non-loading athletes. Therefore, as University sport 
within the UK continues to grow, the benefits of participation in sport at this level should be publicised 
further and participation should be encouraged. This includes the improvement of bone health thereby 
enabling the individual to consolidate their BMD before the projected deterioration that occurs in later life 
(discussed in Chapter 1). More importantly, vitamin D deficiency (<25nmol/L) was shown in 44% (Chapter 
3) and 20% (Chapter 4-6) in both cohorts during the spring season.   
 
Notably, the RNI for vitamin D increased within the UK to 10µg/d, which is topical considering this 
recommendation was released in July 2016 by SACN during our investigations. Our data was collected in 
November 2015-May 2016 (Chapter 3) and February-June 2018 (Chapter 4-6); therefore, we provide novel 
insights into the vitamin D intake of a young adult cohort before vitamin D made popular headlines. 
Furthermore, it was recognised by SACN that this age group are limited within the current literature and 
warrants further investigation.  We show within this study that vitamin D intake was minimal (Chapters 3-
5); hence, our findings lend support to the recent changes in vitamin D recommendations issued by Public 
Health England (SACN, 2016). Despite the adequate data from USA cohorts residing in southerly latitudes 
(<40°N), it is not directly comparable to the UK (ranging from 50.1-60.5°N), particularly given that UVB 
exposure is limited from September-March (Chapter 2). Therefore, this work contributes to the support of 
promoting winter-time vitamin D supplementation for not only University athletic populations, but also 
University students to prevent the onset of illness (He et al., 2016), injury (Davey et al., 2016) or inadequate 
bone health (Bischoff-Ferrari et al., 2003) that may be a direct result of deficiency (<25nmol/L), which we 
know to be a common public health issue within the UK and Europe (SACN, 2016; Cashman et al., 2016).  
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7.4 Future directions  
 
The natural progression to this work and the avenues of future research should include a longitudinal 
observational study exploring the vitamin D status of a large sample size of UK University-athletes across 
an entire year from pre- to post-season, to understand further its effects upon bone health and physical 
performance year-round. This will provide further understanding of whether cycling (from low- to high) 
vitamin D status has a negative influence upon either of these parameters.  Moreover, further investigation 
into the influence of vitamin D in physical performance for recreational athletes and controls in a northern 
latitude population should be conducted, as there remains limited evidence. Specifically, from northerly 
latitude countries such as Finland, where food fortification has been successful at improving vitamin D 
status (Laaksi et al., 2006).  
 
The within-subject contralateral study design in Chapter 6 provides evidence that racket sport recreational 
athletes elicit a superior bone profile in the dominant arm when contrasted to their non-dominant. As this 
was conducted on a small population this has the potential to be modified, such as the use of a pQCT to 
measure both tibial and radial BMD/ BMC in both limbs. It could also be applied to a larger observational 
UK study among sport participators whom recruit a dominant limb, such as golfers, cricketers, lacrosse 
players and even footballers. Furthermore, it would also be of interest to explore the associations between 
bone density and upper body strength by making further contralateral comparisons within University 
athletes.   
 
The collection of muscle biopsies should also be considered as this may provide us with more information 
regarding the effects of vitamin D status upon muscular integrity and performance. This could potentially be 
of interest for future studies due to the proposed role vitamin D may play upon muscle repair and 
regeneration (Owens et al., 2015; Chapter 2).  The same group also identified another gap in the research 
regarding whether vitamin D status should be measured utilising the ‘active’ circulating metabolite 
(1,25(OH)D) rather than the stable metabolite of 25(OH)D (Allison et al., 2018) to examine associations 
between vitamin D and predictors of bone health.   
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Other studies focussing upon vitamin D status and physical performance should examine the genetic profile 
of their athletes and observe how SNPs affected their vitamin D status (Chapter 2.3.4) as there is limited 
current knowledge for the genetic profile in relation to vitamin D within athletic populations.  
 
The effects of a vitamin D supplement at different doses (such as placebo, 10g, 15g and 20g/d) over a 
proposed time period of >6 months and its subsequent impact upon physical performance in a northerly 
latitude population group. This would further inform the scientific community regarding the 
supplementation dose required to achieve a sufficiency level (>50nmol/L) during spring or winter when 
UVB exposure is minimal within the UK.  
 
It would also be of benefit to include multiple ethnic groups when investigating vitamin D and sporting 
performance. This is because an Aspetar study found that Olympic athletes who present with vitamin D 
deficiency had lowered muscular strength when compared to those who were sufficient (Hamilton et al., 
2014). The vast majority of those (alike our study in Chapter 3) that were deficient were descended from 
Persia or the Gulf countries. Thus, this proposed area of future research would further current knowledge 
within the sporting industry globally.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  General Discussion 
 199 
7.5 Conclusions 
 
The principal aim of this Thesis was to establish whether University students are at risk of insufficiency 
(50nmol/L) or deficiency (<25nmol/L) during the winter within the UK. This observational study showed 
that: (1) there was a high prevalence of vitamin D insufficiency and deficiency among University-level 
athletes and students.; (2) this had a negative impact upon aerobic fitness and jump height. But 
concomitantly there was little evidence showing that this was associated with predictors of upper and lower 
body muscular strength; (3), as vitamin D plays a vital role in bone health (discussed in Chapter 1 and 2) it 
also revealed that there was a relationship between vitamin D status, bone quality and quantity (Chapter 4-
6).  
 
To conclude this Doctoral work, this Thesis provides an insight into the physical fitness, bone health and 
dietary intake of University students across the seasons. The application of these findings to public health 
could lower the incidence of poor bone mineral density in later life and even improve physical performance 
parameters by encouraging the supplementation of vitamin D during the winter to ensure sufficiency (> 
50nmol/L) year-round. Despite the limitations addressed within the Thesis, it is anticipated that this will add 
valuable data to the current research in vitamin D, physical activity and sport. Moreover, this research 
provides key evidence for the current public health policies within the UK (SACN, 2016) by investigating 
an under-studied population cohort.  
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THE D-BIICEP STUDY: THE INTERRELATIONSHIP BETWEEN VITAMIN D, BONE, 
INJURY, ILLNESS AND ITS IMPACT UPON EXERCISE PERFORMANCE 
 
S. Wilson-Barnes1, J. Hunt1, J. Wainwright2, J. Wild3, S. Lanham-New1, R.Manders1  
 
1School of Biosciences and Medicine, Faculty of Health and Medical Sciences, University of Surrey, 
Guildford, UK. 2Surrey Human Performance Institute, Richard Meyjes Rd, Guildford, UK. 3Surrey 
Sports Park, Richard Meyjes Rd, Guildford, UK. 
 
Background:Athletes and active individuals have been identified as an at-risk group for low vitamin 
D status. Specifically those residing in countries of higher latitude, such as the UK. Aim:To determine 
the interrelationship between Vitamin D status, bone health, injury, illness incidence and physical 
performance in university level athletes. Method:We recruited 58 healthy participants (21 Female (♀), 
37 Male (♂)) who compete in a range of sports from the University of Surrey. Subjects were tested 
twice during a 12-week period to determine dietary intake, strength, endurance capacity, 
anthropometrics, bone health, illness incidence and blood parameters (e.g. vit D). During testing 
subjects completed a total body composition analysis using bio electrical impedance (TANITA) and a 
bone density scan of the radius using peripheral quantitative computed tomography (pQCT). 
Participants were also tested for strength (using isokinetic leg and hand-grip dynamometry), vertical 
jump height and aerobic fitness using the Yo-Yo IRL1 test (Krustrup et al. 2003). Results:Our 
preliminary findings for ♂ and ♀, respectively (mean ±SD): Age: 20 ± 2, 20± 1y; BMI: 24.8 ± 3.1, 
22.6 ± 3.15 kg/m2; HG strength: 41.9 ± 7.61, 25.8 ± 4.73 kg (p<0.05); maximal voluntary contraction: 
278 ± 73, 169 ± 36 Nm; vertical Jump: 33.5 ± 7.0, 23.8 ± 4.4 cm; distance covered: 920 ± 364, 556 ± 
158m (p<0.05). Further analysis of this dataset is underway, with specific focus on different loading-
sports and vit D status. 
 
 
Results:  
 
Table 1: Baseline characteristics of D-BIICEP participants  
 
 
 
 
 
 
 
 
 
 
 
 
 
  
All data shown was collected at base line (Oct-Nov 2015).Values are mean ± SEM/SD. 
 
 
1. Krustrup, P., Mohr, M., Amstrup, T., et al. 2003, "The Yo-Yo Intermittent Recovery Test: Physiological 
Response, Reliability, and Validity",Medicine & Science in Sports and Exercise, vol. 35, no. 4, pp. 697-705.
 M  
(n=37) 
F  
(n=21) 
Age (y) 20 ± 2 20± 1 
Height (m) 1.81 ± 0.09 1.67 ± 0.08 
Weight (kg) 80.9 ± 11.9 64.2 ± 10.5 
BMI (kg/m2) 24.8 ± 3.1 22.6 ± 3.2 
Body Fat (%) 16.9 ± 6.1 23.5 ± 5.0 
FFM (kg) 67.5 ± 8.8 49.2 ± 5.6 
Hand Grip Strength (kg) 41.9 ± 7.6 25.8 ± 4.7 
Maximal Voluntary Contraction (Nm) 278 ± 73 169 ± 36 
Vertical Jump (cm) 33.5 ± 7.0 23.8 ± 4.4 
Haemoglobin (mmol/l) 9.33 ±0.8 8.25 ± 0.5 
Distance covered on YoYo test (m) 920 ± 364 556 ± 158 
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DIETARY CALCIUM AND VITAMIN D (IN)ADEQUACY IN UNIVERSITY-LEVEL 
ATHLETES: INITIAL FINDINGS FROM THE D-BIICEP STUDY 
 
S. Wilson-Barnes1,J. Hunt1,J. Wainwright2,J. Wild3,S. Lanham-New1,R.Manders1 
 
1School of Biosciences and Medicine, FHMS, University of Surrey, Guildford, UK. 2Surrey 
Human Performance Institute, Guildford, UK. 3Surrey Sports Park, Guildford, UK. 
 
Introduction: Vitamin D (VitD) and calcium (Ca) are essential for the maintenance of 
musculoskeletal health. Athletes residing in countries at higher latitudes, and specifically 
those who train or compete indoors, are at risk of VitD inadequacy (Close, 2013). This is 
because VitD is primarily synthesized following cutaneous exposure to ultraviolet B (UVB) 
irradiation, with dietary VitD as a secondary source.  
 
Method: We recruited 58 healthy participants (21 women & 37 men) who compete in a 
range of sports from the University of Surrey. Subjects were investigated to determine dietary 
intake, anthropometrics, bone health and blood parameters. All subjects completed a total 
body composition analysis using bioelectrical impedance (TANITA) and a bone density scan 
of the radius using peripheral quantitative computed tomography (pQCT). Participants also 
completed a 5-d food diary and under-reporting of dietary intake was determined by 
calculating energy intake to basal metabolic rate ratio (Goldberg, 1991). Dietary and 
statistical analysis were carried out using DietPlan6 (2013) and SPSS21(2013), respectively.  
 
Results: Average age of participants was 20±1 y. Men had higher BMI and FFM compared 
to women; 24.8 ± 3.1, 22.6 ± 3.2 kg/m2; 67.5 ± 8.8, 49.2 ± 5.6kg, respectively (p<0.05). 
Radial bone mass at 4% site averaged: 1.54 ± 0.29, 1.14 ± 0.20mg (p<.001); Radial Mass at 
66%:1.21 ± 0.53, 1.20 ± 0.40mg, respectively for men and women. There was a trend for 
energy intake (EI) to be higher in men compared to women: 2352 ± 754, 1942 ± 544 kcal/d 
(p=0.076) respectively. Ca intake was higher in men: 1046± 370mg, 866 ± 517mg. VitD 
intake however, did not differ between genders 2.7± 1.8, 2.8 ± 2.9µg. Positive correlations 
were observed between 4% radial site and Ca intake; r= .356 (p<.05), specifically within 
females; r=.562(p<.05). Under-reporting of dietary intakes (EI: BMR ratios: 0.79 ± 0.22) 
were present in 100% of the cohort (range: 0.42-1.28). 
 
Conclusions: Dietary Ca exceeded the RNI (700mg/d; DOH, 1991) within this cohort. 
However, both groups did not achieve a sufficient VitD intake of 15µg, as recommended by 
the Institute of Medicine (2010), on average achieving a restrictive intake of 2.75µg/d. 
Under-reporting could be a contributing factor to these lower intakes; hence further 
investigation is therefore warranted in this active sub-population. From these results it can be 
suggested that UK dwelling non-supplemented university athletes are at risk of VitD 
insufficiency. Further analysis of this dataset is underway, with specific focus on summer and 
winter VitD status and physical performance. 
  
 
1) Close, G., Russell, J., Cobley, J.N., et al. (2013) Journal of Sport Sciences: 31(4); 
344-353 
2) Department of Health (1991) Report on health and social subjects 41. Dietary 
Reference Values of Food Energy and Nutrients for the UK. 
3) Institute of Medicine (2010) Report: Dietary Reference Intakes for Calcium and 
Vitamin D 
4) Goldberg et al. (1991) European Journal of Clinical Nutrition 55, 569–81 
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COMPARISON OF LOADING VS. NON-LOADING UPPER-LIMB EXERCISES ON 
BONE STRUCTURE AND MUSCLE STRENGTH IN HEALTHY PHYSICALLY 
ACTIVE YOUNG ADULTS  
 
S. Wilson-Barnes1,J. Hunt1,S. Allison1, J. Wainwright2,J. Wild3,S. Lanham-New1,R.Manders1 
 
1School of Biosciences and Medicine, FHMS, University of Surrey, Guildford, UK. 2Surrey 
Human Performance Institute, Guildford, UK. 3Surrey Sports Park, Guildford, UK. 
 
Background: Distal radius fractures are the second most common type of osteoporotic 
fracture causing extreme pain and disability; yet interventions to prevent these fractures are 
often overlooked. Regular exercise increases BMD at the hip and spine, but few studies have 
investigated exercise effects on bone structure and muscle strength at the radius. Objective: 
The aim of this study was to compare radial BMC, bone structure and handgrip muscle 
strength in young adults taking part in regular upper limb loading exercise versus upper limb 
non-loading exercises Methods: Fifty-six physically active male and female participants 
(20.8 ± 1.7y) were recruited from 21 different sports at the University of Surrey. Sports were 
categorised according to whether they predominately involved loading (e.g. rowing, squash) 
(n=45) or non-loading upper limb exercises (e.g. football, cycling) (n=11). Peripheral 
quantitative computed tomography (pQCT) scans were taken at the 4% distal and 66% 
proximal sites of the radius and hand grip strength was measured using a hand-held 
dynamometer. Non-parametric Mann Whitney U tests were used to examine differences 
between groups. Spearman Rank correlation were used to examine the association between 
bone outcomes and muscle strength. Results: Handgrip strength at the 66% proximal site was 
associated with greater BMC in the upper limb loading exercises only (r2= 0.341, p <0.05).  
Compared with non-loading exercisers, upper body exercisers had higher radial BMC at 
distal and proximal sites (1.42 ± 0.32 versus 1.28 ± 0.32g/cm; 1.25 ± 0.47 versus 1.20 ± 
0.26g/cm,  p=0.375; p=0.433), SSI (326.2 ± 201.9 versus 271.3 ± 77.2mm3, p=0.343) and 
hand grip strength (39.1 ± 10.5 versus 37.8 ± 11.3kg, p=0.710) but these parameters did not 
reach statistical significance. Conclusion: Muscle strength appears to be an important 
determinant of bone mass at the radius. These findings may help to inform exercise 
prescriptions to target bone health of the upper limbs for people at risk of fracture.  
  
 
  
  Appendix I 
 231 
  
  Appendix I 
 232 
 
ISENC 2016 
 
INADEQUATE VITAMIN D STATUS IN UK FEMALE GYMNASTS AND NON-
ACTIVE CONTROLS: FURTHER ANALYSIS IN RESPONSE TO SACN, EFSA & 
IOM RECOMMENDATIONS 
 
S. Wilson-Barnes1, J. Nurmi-Lawton2. A. Baxter-Jones3, P. Taylor3, C. Cooper4, J. L. Berry5, 
J. Hunt1, R.Manders1, S. Lanham-New1 
 
1School of Biosciences and Medicine, Faculty of Health and Medical Sciences, University of Surrey, Guildford, 
GU2 7XH, UK., 2Helsinki University Central Hospital, Helsinki, Finland, 3University of Saskatchewan, 
Saskatoon, Saskatchewan, Canada. 4University of Southampton, Southampton SO16 6YD, UK, 5Vitamin D 
Research Group, University of Manchester, Manchester M13 9WL, UK. 
 
UK recommendations for the intake of vitamin D have recently changed to 10µg/d to 
maintain serum levels above 25nmol/L in the majority (97.5%) of the population. These new 
guidelines are still conservative in comparison to the European Food Standards Agency 
(EFSA) and the Institute of Medicine (IOM) USA recommendations, which are set at 15µg/d 
to ensure vitamin D adequacy (≥50nmol/L). The importance of vitamin D for athletes is 
gaining increasing recognition, therefore with reference to new guidelines, the aim of the 
present study was to reassess 25-hydroxyvitamin D (25(OH)D) status in a group of gymnasts 
(G) and sedentary controls (C) from a previous study (Nurmi-Lawton, 2004) and determine 
the athlete’s risk of vitamin D insufficiency. G were recruited from local clubs across the 
South of England and trained for >10 hrs/ week. C were recruited through their GP’s. Blood 
samples were collected between October-December 1998. Results showed that G serum 
25(OH)D status was significantly lower than C (46.6nmol/L ± 16 vs. 55.9nmol/L ± 17.2, 
p<0.05), however dietary vitamin D intake did not differ between the groups (2.6 ± 1.5 µg/d 
vs. 2.4 ±1.3 µg/d). 63.2% of G fell below EFSA and IOM’s sufficiency cut off point of 
≥50nmol/L. 72.5% of group C met these recommendations, with 15% exhibiting levels above 
75nmol/L. No participants from G exhibited a vitamin D status of ≥75nmol/L.  Plasma PTH 
was higher in G (2.3 ± 1.0 pmol/l vs. 2.1 ± 0.9 pmol/l), but this did not approach significance. 
PTH was negatively correlated with 25(OH)D status (r= - .267, p<0.05). In conclusion the 
indoor athletes from our study were shown to be at significant risk of vitamin D deficiency or 
insufficiency in accordance with the IOM2 (30nmol/l and 50nmol/l, respectively). In 
accordance with UK recommendations 3 of the participants (2 C, 1 G) fell below the 
deficiency cut-off point (<25nmol/L). With reference to new guidelines, our group is at risk 
of severe deficiency (12nmol/L) due to obtaining an insufficient 25(OH)D summertime 
status, which would be anticipated to drop significantly over the winter according to previous 
literature (Cashman, 2016). The promotion of winter-time supplementation may be essential 
to ensure adequacy throughout the year for indoor athletes with insufficient sunlight 
exposure. 
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SEASONAL VITAMIN D INSUFFICIENCY, PHYSICAL PERFORMANCE AND 
INJURY INCIDENCE IN UK-DWELLING UNIVERSITY ATHLETES: 
PRELIMINARY DATA FROM THE D-BIICEP STUDY 
 
S. Wilson-Barnes1,J. Hunt1, E. Walker2, J. Wainwright3,J. Wild4,S. Lanham-New1,R.Manders1 
 
1School of Biosciences and Medicine, University of Surrey, Guildford, UK. 2Division of Women’s, Children’s 
and Clinical Support, Imperial College Healthcare NHS Trust, London. 3Surrey Human Performance Institute, 
Guildford, UK. 4Surrey Sports Park, Guildford, UK.  
 
Vitamin D (vitD) is unique; our primary source is not diet but rather through subcutaneous 
sunlight exposure to ultra violet B (UVB) irradiation. Hence, athletes that train predominantly 
indoors or at higher latitudes could be at risk of low vitD status. Previous research suggests 
that vitD deficiency can be detrimental on physical performance (Dahlquist et al., 2015) but 
currently there is little data on vitD insufficiency within university athletes. Furthermore, it 
would be valuable to determine the link between vitD status, performance (muscular strength 
and power, aerobic fitness) and the incidence of injury in this population. The D-BIICEP 
study aimed to determine whether UK university athletes are at risk of vitD deficiency and 
whether there was an impact upon injury and physical performance. 
A total of 58 athletes (21 women and 37 men) competing in a range of sports from the 
University of Surrey (training ≥4 hours/week), were tested during autumn and spring to 
determine blood vitD status and physical performance parameters. Blood samples were 
analysed for serum 25-hydroxy vitamin D (25(OH)D) concentration. Muscle strength was 
assessed using isokinetic dynamometry (knee extension and handgrip) and muscle power 
using a counter movement jump. Aerobic capacity was estimated using the YO-YO 
intermittent test. Injury incidence was evaluated using a standardized questionnaire, 
administered when participants suffered an injury and during the spring term.  All statistical 
analysis were performed using paired and independent t-testing. 
Serum 25(OH)D significantly fell between autumn and spring; 54.1 ± 22.7nmol/L vs. 31.5 ± 
16.4nmol/L, respectively (p <0.001). During autumn, 40% of the athletes were insufficient in 
vitD (<50nmol/L) and 7% were deficient (<25nmol/L) (SACN, 2016; EFSA, 2016). During 
spring 90% of our cohort were insufficient and 44% were deficient. There was no seasonal 
change in aerobic fitness (42.9 ± 2.5 ml/kg/min vs. 43.1 ± 2.9 ml/kg/min; p= 0.6) and 
maximal voluntary contraction (MVC) of the knee extensor (246.1± 60.6 Nm vs. 254.6 ± 
68.9 Nm; p=0.5) and handgrip (39.1 ± 10.7kg vs. 38.9 ± 11.0kg; p=0.8) muscles from autumn 
to spring. VitD status was positively associated with knee extensor MVC (r2=0.345, p=0.01) 
and aerobic capacity (r2=0.311, p=0.03) during the autumn term. Ten participants reported 
injuries over the observational period, but initial analysis did not detect any differences 
between their vitD (28.4 ± 11.0 nmol/L vs. 31.8 ± 17.9 nmol/L). 
These data suggest that university athletes are at significant risk of deficiency/insufficiency 
during winter (Oct-Mar), particularly given that nearly half were <25nmol/L in spring. There 
was a positive association between lower body measurements of muscular strength, aerobic 
capacity and vitD status in autumn although there was no seasonal change in physical 
performance. These data are a cause for concern and warrant further research in the area of 
vitD health in university athletes living in northern latitudes.   
 
Dahlquist,D.T., Dieter,B.P. and Koehle,M.S. (2015) 'Plausible ergogenic effects of vitamin D 
on athletic performance and recovery', Journal of the International Society of Sports 
Nutrition, 12 (1), pp. 1.  
EFSA, Scientific opinion on dietary reference values for vitamin D (2016), EFSA Journal. 
Scientific Advisory Committee on Nutrition (SACN) (2016), Vitamin D and Health Report, 
PHE, London. 
  Appendix I 
 234 
 
Vitamin D Workshop: 2018 
 
 
LOW VITAMIN D STATUS IS NOT ASSOCIATED WITH INCREASED BONE 
TURNOVER IN UK-DWELLING UNIVERSITY ATHLETES 
 
S. Wilson-Barnes1, J. Hunt1, E. Walker2, S. Lanham-New1, R.Manders1 
 
1School of Biosciences and Medicine, University of Surrey, Guildford, 2Division of Women’s, 
Children’s and Clinical Support, Imperial College Healthcare NHS Trust, London. 
 
   Vitamin D (vitD) is unique; this is because our primary source is through subcutaneous 
sunlight exposure to ultra violet B (UVB) irradiation rather than dietary intake. Athletes 
living at northern latitudes are at risk of low vitD status during the winter months, specifically 
if they train indoors. Research suggests that weight-bearing (WB) exercise, such as resistance 
and plyometrics, elicits a positive effect upon bone mass. This study aimed to investigate the 
effect of vitD status on markers of bone health in university-level athletes.  
   Twenty athletes (9 women and 11 men) were recruited, competing in WB (lacrosse, soccer; 
n=10) and non-weight-bearing (NWB) sports (rowing, cycling, swimming; n=10) from the 
University of Surrey. Athletes were measured during the autumn and spring term (2015/16) 
to determine serum 25(OH) D status and the bone resorption marker- serum carboxy-terminal 
crosslinks (CTX). Statistical analysis were performed using Pearson correlations and paired/ 
independent t-tests.  
   Serum 25(OH)D significantly fell between autumn and spring; 59.4 ± 23.7 nmol/L vs. 32.7 
± 17.1nmol/L, respectively (p <0.001). WB athletes suffered a larger decline in 25(OH)D 
status from autumn to spring when contrasted to NWB; 54.8 ± 29.9 to 25.0 ± 12.9 nmol/L 
(p=0.011) vs. 63.2 ± 18.2 to 38.8 ± 18.1 nmol/L (p=0.003), respectively. However, there was 
no change in CTX levels between autumn and spring; 0.63 ± 0.24ng/mL vs. 0.65 ± 
0.24ng/mL (p=0.53), even when divided into WB and NWB sports in autumn (p=0.77) and 
spring (p=0.78). In addition to this, there was no association between 25(OH)D and CTX 
during autumn (r=-0.014, p=0.96) and spring (r=-0.287, p=0.27). This was also the case for 
our WB and NWB during the autumn (r=0.22, p=0.55 vs. r=-0.42, p=0.27) and spring time 
measurements (r=-0.306, p=0.46 vs. r=-0.308, p= 0.42).  
   These data suggest that university athletes are at significant risk of vitamin D 
deficiency/insufficiency during the winter months (Oct-Mar) within the UK. Our results do 
not show a negative effect of low vitD on markers of bone resorption but further research is 
certainly warranted, over a longer measurement period, to elucidate the effects of weight 
bearing sports upon markers of bone health in active healthy adults.     
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THE EFFECT OF VITAMIN D STATUS ON PHYSICAL PERFORMANCE, BONE 
QUALITY & DENSITY IN UK UNIVERSITY ATHLETES AND SEDENTARY 
CONTROLS 
 
Saskia L Wilson-Barnes1, Julie E Hunt1, Jeewaka Mendis3, Emma L Williams2, David King1, Harry Roberts1, 
Susan A Lanham-New1 and Ralph J F Manders1 
 
1Department of Nutritional Sciences, School of Biosciences and Medicine, Faculty of Health and Medical 
Sciences, University of Surrey, Guildford, Surrey, United Kingdom, 2 Division of Women’s, Children’s and 
Clinical Support, Imperial College Healthcare NHS Trust, London, United Kingdom, 3Surrey Clinical Research 
Centre, Surrey Clinical Trials Unit, NIHR Research Design Service SE, Guildford, Surrey, United Kingdom 
 
Research into the potential ergogenic effects of vitamin D (vitD) and the relationship between 
vitD status and sport performance has become increasingly popular. However, there is little 
research in recreational or non-professional athletes residing at higher latitudes within 
Europe. This study aimed to investigate the effects of vitD status on physical performance, 
bone quality and density in UK university athletes and make comparisons with sedentary 
controls. 
 
A total of 34 athletes (Ath) and 16 sedentary controls (Con) from the University of Surrey  
(51ºN) were observed during spring (Feb-March) and summer (May-June) 2018. Serum vitD 
and sunlight exposure were assessed using LC-MS/MS and dosimetry, respectively. Muscular 
strength of the upper and lower body was assessed using handgrip and knee extensor 
isokinetic dynamometry (MVC). Muscular power was assessed through a countermovement 
jump (CMJ) and aerobic fitness (AF) was measured by a VO2MAX test. Bone quality 
(trabecular and cortical density; g/cm3) of the tibia was assessed using peripheral quantitative 
computed topography (pQCT) and whole-body bone density was measured using dual energy 
x-ray absorptiometry (DEXA; g/cm3). Statistical analysis was performed using t-tests 
statistical significance was set at P≤0.05. 
 
VitD status increased significantly over the season, with Ath  measuring higher concentrations 
both in spring (52 21 vs 3719nmol/L,p=0.03) and summer (6716 vs 
5619nmol/L,p=0.04) compared to Con , respectively. Ath had greater upper body strength 
(399 vs 3110kg,p=0.01), CMJ (36  7 vs 27  8cm,P=0.01) and AF (479 vs 359 
ml/kg/min-1,P<0.001) during the spring than Con. CMJ (339 vs 267cm,P=0.02) and AF 
(4811 vs 365ml/kg/min-1,P<0.001) were also higher during the summer in the Ath group.  
When divided into ‘insufficient’ (≤50nmol/L) and ‘sufficient’ (≥50nmol/L) groups, 62% of 
participants were insufficient in the spring and had a lower CMJ (29±9 vs 36±8cm,P=0.05) 
and AF (41±11 vs 48±9ml/kg/min-1;P=0.05) when compared to sufficient participants. 
During summer, 25% of the cohort was classified as insufficient and measured lower values 
for CMJ (26±8 vs 32± 9cm,P=0.05) and AF (41±11 vs 48±9ml/kg/min-1,P=0.01) compared to 
sufficient participants. 15% of the Ath and 31% of Conwere deficient (<25nmol/L) in spring, 
although none were deficient in the summer. Bone mineral content (BMC) of the distal tibia 
and trabecular density (BMD) were greater in the Ath group at both measurements. BMD (1.0 
vs 0.9,p=0.03;1.0 vs 0.8g/cm3,P=0.004) and BMC (5.4 vs 4.4,P=0.02;5.2 vs 4.4g,P=0.01) 
were greater at the femoral neck when compared to Con. 
 
These findings suggest that insufficient vitD status were associated with lower indices of 
muscular power and aerobic fitness in university-level athletes and sedentary controls. 
Therefore, an adequate vitD status may not only play an important role in musculoskeletal 
health but could also be a key determining factor in athletic performance. 
Appendix II 
 237 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Appendix II: 
D-BIICEP I 
 
 
 
 
 
  Appendix II 
 238 
  Appendix II 
 239 
 
 
 
  Appendix II 
 240 
 
 
 
 
Protocol Summary 
 
Protocol Title:  
The Inter-relationship between Vitamin D: Bone, Illness, Injury and its Impact on Exercise 
Performance (The D-BIICEP Study) 
 
Principal Investigator:  
Name: Professor Susan Lanham-New 
Address: Division of Nutritional Sciences, Faculty of Health & Medical Sciences, University of 
Surrey, Guildford, Surrey, GU27XH 
Telephone: 01483 6896476 
Email: s.lanham-new@surrey.ac.uk 
 
Co-investigators: 
Name: Miss Saskia Wilson-Barnes (PhD research fellow) 
Address: Department of Nutritional Sciences, Faculty of Health & Medical Sciences, University of 
Surrey, Guildford, Surrey GU2 7XH 
Telephone: 01483 689222 
Email: s.wilson-barnes@surrey.ac.uk 
 
Name: Dr Julie Hunt 
Address: School of Biosciences & Medicine, University of Surrey, Guildford 
Telephone: 01483 689400 
Email: j.hunt@surrey.ac.uk 
 
Name: Dr Ralph Manders 
Address: School of Biosciences & Medicine, University of Surrey, Guildford 
Telephone: 01483 688668 
Email: r.manders@surrey.ac.uk 
 
1.0 Background & Rationale 
It is known that poor vitamin D status is a very common problem in the UK, specifically within the 
athletic community. It is also known that a lack of vitamin D availability has potentially serious health 
implications, especially with respect to bone and muscle function.  
 
There has been much interest in the role of vitamin D deficiency or insufficiency for athletic 
populations, however there is little evidence for those regularly partaking in University Sport residing 
within the United Kingdom. In addition to this there has been little research focussing upon the 
relationship between sport performance and vitamin D status. There has also been little research in 
male and female participants from different sports, which have different impacts upon bone health 
based on the mechanical loading of the sport; such as basketball (a weight-bearing sport) and 
swimming (a non-weight bearing sport). Previous research has also failed to provide definitive 
conclusions upon the effect of Vitamin D status on bone, illness, injury and sport performance due to 
small subject groups, therefore, this study hopes to recruit ≥200 participants.  
 
The results obtained from this significant study will provide vital information on UK university 
sporting populations and their vitamin D status. This will inform the wider scientific community to 
determine future public health strategies and thus potentially positively impacting on the health of the 
young adult sporting population for years to come.  
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2.0 Trial Objectives & Design 
 
2.1 Primary Trial Objectives: To determine the effects of regular training and competition on the 
interrelationship between vitamin D status, calcium homeostasis, bone health, injury and illness in 
young active adults.  
2.2 Secondary Trial Objectives 
 
i) To conduct an observational study in Sept 2015 – March 2016 and Sept 2016- March 2017 
ii) To recruit a total of 200 male and female university students partaking in regular training and 
competition for different Team Surrey sports  
iii) To measure bone mineral density and content in Winter and Spring, and its relationship with 
Vitamin D status and the incidence of injury in athletes. 
iv) To measure vitamin D status in winter and spring to determine its relationship with the 
incidence of illness and performance outcomes.  
v) To distinguish the effects of indoor/outdoor/mixed training and competition on vitamin D 
status.  
vi) To interpret the effects of high/medium/low impact sports on bone mass.  
vii) To measure changes in performance (vertical jump, hand-grip strength, muscular strength and 
aerobic fitness) from September/ October to February/ March.  
viii) To measure any incidence of injury and illness that occurs between winter and spring 
and its correlation with Vitamin D status, training and bone health.  
 
2.3 Hypothesis 
We propose that athletes in the spring measurement will have poor vitamin D status (lowered plasma 
25(OH)D) and will have a sub-optimal (<50 nmol/l of 25 (OH) D status at baseline. In addition to this 
that those who regularly compete and train indoors will have a worse Vitamin D status at baseline due 
to insufficient exposure to ultraviolet B radiation from the Sun.  
 
2.4 Trial Design 
The D-BIICEP Study is an observational study. Participants will be assessed at baseline in winter 
(September/October) and again at the end of the observational period in spring (February/March).  
 
The observational period will run for the first 100 participants from September/ October 2015 – 
February/ March 2016. The second observational period will run for the second 100 participants from 
September/ October 2016 – February/ March 2017.  
 
 
2.5 Trial Visit Activities 
 
At both trial visits, participants will have the following outcomes assessed:  
 Sport performance: Vertical jump height, muscular strength and aerobic fitness 
 Peripheral Quantitative Computed Tomography (pQCT) scan of the bone mineral 
composition of the forearm. 
 Weight, height, body fat percentage, lean body mass etc. using a TANITA 
 Serum 25OHD levels, lipid profile, glucose, insulin, serum calcium, albumin, parathyroid 
hormone, C-terminal telopeptide (CTX), full blood count, kidney, thyroid and liver function 
(≈25ml sample). 
 Dietary intake 
 
Upon commencing the study, the participants will be required to track their incidence of illness 
during the 20 weeks of the study.  If they fall ill they must record the severity and symptoms of 
this illness using an online form as soon as it occurs and for three days thereafter.  
 
In addition, throughout the duration of the trial, the participants will be contacted via 
telephone/email on a fortnightly basis to discuss any issues and to maintain good communication 
with the participants.  
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3.0 Selection & Withdrawal of Participants  
 
3.1 Inclusion Criteria 
 
 Male or female 
 Aged ≥18 
 Regularly partakes in training/ competition for sport competing in BUCs (≥4 hrs/ week) 
 In good physical health 
 Written informed consent 
 
3.2 Exclusion Criteria 
 
 Currently receiving treatment for medical conditions that are likely to affect vitamin D 
metabolism 
 Hypercalcaemia (>2.5mmol/L) 
 Regular use of sun-beds 
 Having a sun holiday one month prior to commencing the study or plans for a sun holiday 
within the study period.  
 Use of vitamin supplements containing vitamin D- if the prospective participants agrees to 
stop Vitamin D supplementation to join the study, a wash-out period of 8 weeks prior to 
commencing the trial would be acceptable.  
 Excess alcohol intake for participants aged 18 years (> 21 units for males, > 14 units for 
females per week, as per Government guidelines) 
 Those under dietary restriction (except vegetarianism) or following a weight-reducing diet. 
 Clinically significant haematological abnormalities other than mild anaemia (Hb<12.0g/dl) 
 Active malignancy 
 Pregnant or planning a pregnancy during the study period  
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CONSENT FORM 
 
Title: The Interrelationship between Vitamin D, Bone, Illness, Injury and its Impact on 
Exercise Performance (The D-BIICEP Study) 
 
Participant Number: ____________ 
 
 
 I the undersigned voluntarily agree to take part in the study on _______________. 
 
 I have read and understood the Participant Information Sheet provided. I have been given a full explanation 
by the investigator of the nature, purpose, location and likely duration of the study, and of what I will be 
expected to do. I have been given the opportunity to ask questions on all aspects of the study and have 
understood the advice and information given as a result.  
 
 I agree to comply with any instruction given to me during the study and to co-operate fully with the 
investigators. I shall inform them immediately if I suffer any deterioration of any kind in my health or well-
being, or experience any unexpected or unusual symptoms.  
 
 I consent to my personal data, as outlined in the accompanying information sheet, being used for this study 
and other research. I understand that all personal data relating to volunteers is held and processed in the 
strictest confidence, and in accordance with the Data Protection Act (1998). 
 
 I understand that I am free to withdraw from the study at any time without needing to justify my decision 
and without prejudice.  
 
 I understand that in the event of my suffering a significant and enduring injury as a direct result of my 
participation in the study, compensation will be paid to me by the University of Surrey subject to certain 
provisions and limitations. The amount of compensation will be appropriate to the nature, severity and 
persistence of the injury, and will, in general terms, is consistent with the amount of damages commonly 
awarded for similar injury by English court in cases where the liability has been admitted.  
 
 I confirm that I have read and understood the above and freely consent to participating in this study. I have 
been given adequate time to consider my participation and agree to comply with the instructions and 
restrictions of the study.  
 
 
.................................................................  ………………….. …………………………. 
Name of participant (BLOCK CAPITALS) Date    Signature 
 
 
.................................................................  ………………….. …………………………. 
Name of Researcher    Date    Signature 
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You are being invited to take part in a research study. Before you decide whether or not to take part, it is 
important for you to understand why the research is being done and what it will involve. Please take time to 
read the following information carefully.  
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What is the purpose of the study? 
Previous research has suggested that there is a high proportion of vitamin D deficiency or insufficiency in 
sporting individuals. Little investigation has been conducted on those competing and training at university level 
in relation to their Vitamin D status within the UK. Therefore, the aim of this project is to test whether regular 
training and competition indoors and outdoors has an impact upon their Vitamin D status and if this has a 
relationship with bone health, injury, illness and sporting performance during winter and spring.  
 
Can I take part in the study? 
 
You may take part in the study if you are: 
 Age 18-26 
 Do not use sun beds/ will not be going on a sun holiday between Sept 2015 and March 2016 
 Do not take supplements containing Vitamin D 
 Regularly train/compete for a Team Surrey sport team (more than 4 hours/week) 
 
Do I have to take part? 
No, participation is completely voluntary. If you do decide to take part you will be given this information sheet 
to keep and be asked to sign a consent form. If you decide to take part YOU ARE STILL FREE TO 
WITHDRAW AT ANY TIME FROM THE STUDY. If you are currently an undergraduate/ postgraduate 
studying at the University of Surrey, partaking in this study will have no impact on your marks, assessments and 
future studies. It will not affect your relationship with your peer students or lecturers conducting the research if 
you chose to withdraw at any point.  
 
What will happen to me if I take part? 
We will provide you with valuable information about your explosive power, muscular strength, sprinting 
performance, body composition, bone health, blood biochemistry  and dietary intake,.   
 
Once you have read this information sheet, completed a health screening questionnaire and discussed the details 
with a researcher, you will be asked to sign a consent form. You will then be invited to attend the Cllinical 
Investigation Unit at Surrey University (AX building) for your first session. You will be expected to have a 
bone scan using Peripheral Quantitative Computed Tomography (pQCT) on your non-dominant arm. This 
session is anticipated to take a maximum of 20 minutes. 
 
You will also be given a booklet of food diaries to complete and hand in at the end of the winter/ spring data 
collection.  In addition to this you will be expected to complete an IPAQ physical activity questionnaire, an 
online illness questionnaire and to contact the researchers if you become injured throughout the 20 weeks.  
 
For your second session you will be required to attend the Human Performance Centre at Surrey Sports Park. 
Please note that you will be required to come to this appointment in a FASTED state (more than 8 hours since 
your last meal). 
 
You will be expected to: 
 Provide a blood sample  
 Complete a muscular strength test (using an Isokinetic Dynamometer) 
 Complete a hand grip strength test 
 
These combined tests will take a maximum of 45 minutes.  
In the final session you along with other participants or your team taking part in the study will be expected to 
complete a Bleep Fitness Test and Vertical Jump Test at Surrey Sports Park, this will take a maximum of 30 
minutes.  
You will be expected to repeat these 3 separate sessions again after 20 weeks of training and competition in your 
sport (in Spring: February/ March 2016). The researchers will also be in contact with you throughout the study 
by either telephone or email.   
 
Is there anything I need to do before the sessions? 
 
Session 2:  Arrive fasted and well hydrated 8 hours prior to your appointment time   
 wearing sensible shoes and clothing to exercise in.  
 
Session 3:  Arrive wearing sensible shoes and clothing to exercise in. 
 
Are there any risks in participating? 
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A blood sample will be taken; this may cause some light bruising. Occasionally some people may feel faint 
while having their blood taken and so to help reduce the risk of this you will have your blood taken whilst lying 
down on a bed or in a reclined chair.  
 
Ionising Radiation (Medical Exposure) Regulations – IRMER 
A peripheral Quantitative Computed Tomography (pQCT) scan of the forearm will be performed at the 
University of Surrey. The procedure is painless and does not involve going through a tunnel of any kind. The 
radiation dose is considered negligible and is equivalent to around 2 hours of natural background radiation that 
we are exposed to throughout our lives:  less than 1/10 of a normal chest X-ray.   
You will be asked to sit on a seat where a scan of your forearm will be performed. The procedure involves 
placing your forearm into the scanning machine where an X- ray beam moves across it. The scans take 
approximately 20 minutes to complete and do not require removal of clothing. The exception is wrist 
watches/jewellery which must be removed for the arm scan. 
 
Will what I say/do in this study be kept confidential? 
 
All information collected will be kept strictly confidential between the researchers and any personal information 
will not be shared. Data will be de-identified by assignment of a code which will not be connected with any 
personal details. All documents will be kept in a safe environment and will not be exposed to those who are not 
involved in the study. The written report may be published in a peer-reviewed scientific journal and presented at 
scientific meetings, in which it will not be possible to identify you.  
 
 
What will happen to the results of the study? 
At the University of Surrey, as part of the postgraduate thesis we are required to recruit trained individuals of 
multiple sports for our research. All data will be used for the purposes of this investigation. If you wish to obtain 
a copy of this please contact the researchers or their supervisors: Prof S. Lanham-New, Dr R. Manders or Dr. J. 
Hunt.  
 
What will happen to any samples I give? 
The blood samples that you give will be frozen and stored in our secure -80oC freezer until the end of the study. 
Some of the samples will be sent away for analysis of vitamin D levels. Some of the samples will be stored in 
our secure -80oC freezer for future measurement of key metabolites.  
 
How long do we propose to keep the samples? 
We will keep the samples that you provide us within a secure -80oC freezer for a period of less than 10 years.  
 
Who has reviewed the study? 
Research has been approved by the University of Surrey Ethics Committee.  
 
Contact for further information 
If you have any concerns or wish to find out more about the study, please contact Miss Saskia Wilson-Barnes 
(PhD Research Fellow) by email: s.wilson-barnes@surrey.ac.uk or telephone 01483 689222. 
 
Thank you for taking time to read the information sheet. 
 
 
 
THE D-BIICEP STUDY: HEALTH & LIFESTYLE SCREENING QUESTIONNAIRE 
 
The purpose of this questionnaire is to assess whether you are suitable to take part in the study and 
that it is safe for you to do so. Please answer the questions as honestly and accurately as you can and 
remember there are no right or wrong answers to the questions. Your answers will be kept completely 
confidential. 
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Name:                                                      Date of birth:          Age:  
 
Address: 
Contact telephone number: 
 
Gender: 
 
Height:               Weight:  BMI kg/m2: 
 
Ethnicity (please select): 
 
Ethnic group  Please tick 
 
White 
British  
Irish  
Any other White background (please state)  
 
Asian or Asian British 
Indian  
Pakistani  
Bangladeshi  
Any other Asian Background (please state)  
 
 
 
Arab or Arab British 
Kuwait  
Bahrain  
Qatar  
United Arab Emirates  
Oman  
Yemen  
Saudi Arabia  
Any other Arab Background (please state)  
 
 
1. Do you wear a veil or any form of head dress?    YES □ NO □ 
2. Were you born in the UK?       YES □ NO □ 
 (If no, please specify where)………………………………………… 
3. Initial Considerations 
Do you have, or think you might have, a blood-borne virus?       YES □ NO □ 
Do you have a muscle/ joint problem that is aggravated by exercise?   YES □ NO □ 
Are you feeling unwell today, or had a fever in the last 7 days?  YES □ NO □ 
 
 
4. Habitual Physical Activity 
Do you perform moderate exercise regularly (at least twice a week)?  YES □ NO □ 
Do you perform vigorous exercise regularly (at least twice a week)?  YES □ NO □ 
 
 
 
 
 
 
 
 
5. Have you ever had any of the following: 
YES NO 
Prior/ present history of coronary heart disease, angina, heart attack or stroke   
Prior/present history of Type 1 or Type 2 Diabetes.   
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Prior/present history of Thyroid disease   
Prior/present history of osteoporosis, osteopenia or a musculoskeletal disease   
Prior/present history of a blood disorder (except mild anaemia)   
Prior/present history of malignancy   
Prior/present history of a digestive problem   
Prior/present history of liver or kidney disease.   
Prior/present history of clinical depression or other psychological disorders.   
Prior/present history of eating disorders.   
Prior/present history of drug or alcohol abuse within the last 2 years.   
Suffered from a head injury   
Prior/ present disturbance of vision/ balance/ coordination   
 
6. Signs and Symptoms.  
Do you experience any of the following:  
YES NO 
Chest discomfort with exertion   
Shortness of breath at rest or with mild exertion   
Feeling faint or have spells of severe dizziness   
Swelling or a build-up of fluid in or around your ankles   
Difficulty with breathing when lying down   
The feeling your heart is racing/ skipping beats at rest or during exercise   
Pain in your lower legs during exercise, not due to soreness or stiffness   
Unusual fatigue or shortness of breath during everyday activities   
Has your doctor ever told you that you have a heart murmur   
 
7. Medication and Allergy Information. 
Do you have any allergies or food intolerances?     YES □ NO □ 
Are you allergic to any medication?     YES □ NO □ 
Are you allergic to plasters?      YES □ NO □ 
If yes to any of the above, please provide additional information as to which food or medication 
you are allergic to:  
……………………………………………………………………………………………… 
……………………………………………………………………………………………… 
Are you on any prescribed medication?    YES □ NO □ 
If yes, please specify what type of medication this is and how often you take the medication:  
……………………………………………………………………………………………… 
……………………………………………………………………………………………… 
Do you take any vitamin supplements containing vitamin D? 
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YES □ NO □ DON’T KNOW □ 
If yes please specify:  
 How many months you have been taking the supplements…………… 
 The dose of the supplements (if known)………………………………… 
 The brand of the supplements (if known) ………………………………. 
 
8. Are you currently on a weight-reducing diet or other dietary restrictions (except 
vegetarianism)?  
YES □ NO □ 
If yes, please provide details: 
……………………………………………………………………………………………… 
……………………………………………………………………………………………… 
9. Risk Factors. 
Do you currently smoke/ have quit within the previous 6 months? YES □ NO □ 
If yes, please specify how many per day ………………………………............... 
Do you drink alcohol?       YES □ NO □ 
If yes, please specify how many units per week ………………………………………….  
(please see below for a guide on number of units of alcohol in common drinks) 
Do you have high blood pressure?     YES □ NO □ 
Has your doctor ever told you that you have high cholesterol? YES □ NO □ 
Is there a history of Heart Disease or Stroke in your family? YES □ NO □ 
 
10. Have you been abroad or on holiday during the past 12 months? YES □ NO □ 
If yes, please specify where this was and the month this holiday was taken: 
Country of visit………………………………………………………...…….. 
Month/year……………………………………………………………………... 
 
  Country of visit…………………………………………………………...….. 
Month/year……………………………………………………………………... 
11. Are you planning any holidays abroad during the next 12 months? YES □ NO □ 
If yes, please specify where and when this holiday will be taken: 
Country of visit…………………………………………………………...….. 
Month/year……………………………………………………………………... 
 
Country of visit…………………………………………………………...….. 
Month/year……………………………………………………………………... 
 
 
 
12. When you are out in the sun do you wear sunscreen (at any time of the year)?  
YES □ 
 NO □ 
If yes, specify the factor of sunscreen used when at home (in the UK) and on holiday: 
 At home……………………………………………………………………… 
Alcohol Measure Unit 
Ordinary strength lager (4%) (e.g. Carling, Fosters) Pint 2.3 
Strong lager (5.2%) (e.g. Stella Artois, Kronenburg) Pint 3 
Strong lager (e.g. Stella Artois, Carlsberg Export, Grolsch) 440ml can 2.2 
Beer/ordinary strength Ale (e.g. John Smith’s, Guinness) Pint 2.3 
Red/White Wine Std 175ml 2 
Red/White Wine Lg. 250ml 3 
Spirits Std 25ml 1 
Spirits Lg. 35ml 1.4 
Alcopop e.g. Smirnoff Ice, Bacardi Breezer, VK 275ml 1.5 
  Appendix II 
 250 
 On holiday (can include beach/ skiing holidays)………………………… 
13. Do you use sunbeds?       YES □ NO □ 
If yes, please state how often you use them: 
 □ Once a week 
□ Once a month 
 □ More than 6 times per year 
 □ Less than 6 times per year 
 □ Occasionally  
 
 
For female participants only: 
Are you currently pregnant or planning a pregnancy during the next 12 months?  
YES □   NO □ 
 
 
Please provide contact details of a suitable person for us to contact in the event of any incident 
or emergency. 
 
Name:…………………………………………………………………………………………………  
Telephone number:…………………………………………………………………………………. 
Work □ Home □ Mobile □  
Relationship to participant………………………………………………………………………….. 
Are you currently involved in any other research studies at the University or elsewhere? 
YES □   NO □ 
If yes, please provide details of the study……………………………………………………….. 
 
Thank you for taking the time to complete this questionnaire. 
 
 
Does participant meet inclusion/exclusion criteria?  
YES □ 
  
Baseline visit: Date ………………….…….. Time……………………. 
              
Participant number assigned……………………………………….. 
 
NO □   
 
Reason:  ……………………………………………………………… 
 
  ………………………………………………………………… 
 
    ………………………………………………………………… 
 
 
Questionnaire completed by:  
 
 
Study Investigator: …………………...…………………..   Date ……………………….. 
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Subject: ___________  
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Information for Participants 
Session 1- Bone and Body measurements 
 
 
What? We will be doing a scan on your non-dominant arm using Peripheral Quantitative Computed 
Tomography (pQCT) and a full body composition measurement using a TANITA.  
 
Where? University of Surrey, Stag Hill Campus- Building AX00 (The CIU) 
 
Do I need to do/bring anything? Wear sensible clothing. 
 
Estimated time: 30 mins  
 
Appointment Date: ______________________  Time: _______________  
 
Session 2- Blood & Muscular Function Tests 
 
What? You will be expected to provide a small blood sample and complete a muscular function test 
using an Isokinetic Dynamometer. You will also be asked to complete a hand-grip strength test.  
 
Where? Surrey Sports Park; the Human Performance Institute (by the squash courts) 
 
Do I need to do/ bring anything?  
 Please DO NOT do any strenuous exercise 48 hours before your appointment. Also, 
REFRAIN from any exercise 24 hours before your appointment- excluding habitual physical 
activity (such as walking to university, house chores etc.) 
 Come to your appointment FASTED (more than 8 hours since your last meal) and well 
hydrated.  
 Wear sensible shoes and clothing to exercise in.  
 
Estimated Time: 30-45 mins 
 
Appointment Date: ______________________  Time: _______________  
 
Session 3 – Fitness Test 
 
What? You will complete a bleep fitness test and a vertical jump test.  
 
Where? Surrey Sports Park- Main Arena 
 
Do I need to do/ bring anything? Wear sensible shoes/ clothing to exercise in and bring water. 
Remember to record your food intake the day before this session.  
 
Estimated Time: 30 mins  
 
Appointment Date: ______________________  Time: _______________  
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Please record everything that you eat and drink for 5 days (to include a Saturday or Sunday). Before 
your fitness test you will also be required to fill in what you ate and drank the day before. Start a new 
page for each day and use as many pages as you need.  
Record each item as close to the time of eating/ drinking as possible.  
 
Give a full description of your food, including:  
 The type and brand of each item 
 What cut of meat is used and whether the fat has been trimmed?  
 How the food was prepared and which cooking method has been used: e.g. 
boiling/frying/roasting/baking 
 
EXAMPLE 
Time 
Food & Drink 
(Please describe in detail, including brand names) 
Amount Eaten 
8.00 am Muesli – Sainsburys 5 Tbsps 
 Semi-skimmed milk ½ mug 
 Brown sugar 2 tsps 
 Toast- Hovis granary bread 2 medium slices 
 Margarine (Flora original) Scrape on each slice 
 Honey 2 Tsps 
 Tea 1 mug 
 Semi-skimmed milk (in tea) ¼ mug 
 White sugar (in tea) 1tsp 
   
10:30 am Coffee Mug 
 Whole milk (in coffee) ½ mug 
 Packet of crisps (walkers: cheese & onion) 25g 
   
1:00 pm Sandwich: white bread (Hovis) 2 medium slices 
 Margarine (Flora original) Scrape on both slices 
 Egg Mayonnaise 1 egg, 2 tbsps mayo 
 Cress 1 handful 
 Cucumber 4 slices 
 Orange Juice (Tropicana) 330mls 
   
3:30pm Tea  1 mug 
 Whole milk (in tea) Splash 
 White sugar (in tea) 2 tsps 
 Twix 2 fingers 
   
6:30pm Boiled white rice 200g (cooked) 
 Chicken curry If it is a ready meal 
write the brand and 
weight of packet 
 Strawberry yoghurt (Sainsbury’s low fat) 125g 
10:30pm Lager (brand) 1 pint 
 
(Please continue on another page if necessary) 
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Day 1 
 
Date: ___________   Day of the Week: _______________________ 
 
(Please continue on another page if necessary) 
Time 
Food & Drink 
(Please describe in detail, including brand 
names) 
Amount Eaten 
 
 
  
 
 
  
 
 
  
 
 
  
 
 
  
 
 
  
 
 
  
 
 
  
 
 
  
 
 
  
 
 
  
 
 
  
 
 
  
 
 
  
 
 
  
 
 
  
 
 
  
 
 
  
 
 
  
 
 
  
 
   
 
   
 
  Appendix II 
 255 
Day 2 
 
Date: ___________   Day of the Week: _______________________ 
(Please continue on another page if necessary) 
 
Time 
Food & Drink 
(Please describe in detail, including brand 
names) 
Amount Eaten 
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Day 3  
 
Date: ___________  Day of the Week: _______________________ 
 
(Please continue on another page if necessary) 
Day 4 
Time 
Food & Drink 
(Please describe in detail, including brand 
names) 
Amount Eaten 
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Date: ___________   Day of the Week: _______________________ 
 
 (Please continue on another page if necessary) 
 
Time 
Food & Drink 
(Please describe in detail, including brand 
names) 
Amount Eaten 
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Day 5 
 
Date: ___________   Day of the Week: _______________________ 
 
 
Time 
Food & Drink 
(Please describe in detail, including brand 
names) 
Amount Eaten 
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(Please continue on another page if necessary) 
 
 
 
 
. 
 
 
 
 
 
 
 
 
 
 
 
THANK YOU FOR TAKING THE TIME TO COMPLETE THIS FOOD DIARY 
 
PLEASE RETURN THIS BOOKLET TO THE INVESTIGATORS AT YOUR FINAL 
SESSION  
 
 
If you have any concerns/ queries please contact the principle researcher on: 
 
s.wilson-barnes@surrey.ac.uk 
OR 
01483 689 222 
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The D-BIICEP Study 
 
 
 
The Interrelationship between Vitamin D, Bone, Illness, Injury 
and its ImpaCt on Exercise Performance: 
 
 
 
 
If you: 
 
Regularly train and compete for Team Surrey 
 
 Are aged 18-30 
 
 In good health 
 
 
 
 
Then we would like to invite you to take part in our study 
investigating the effects of Vitamin D Status on Sport 
Performance and Bone Health. 
 
You do not need to take any supplements and will only be 
required to visit us 3 times during the winter and the spring. 
 
If you would like to know more information then please contact: 
Tel: 01483 689222  Email: s.wilson-barnes@surrey.ac.uk 
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Warm-up Protocol for physical fitness testing 
 
D-BIICEP Warm up protocol 
 
Perform 3 min at 9 km/h over 20 meters  
Perform the following over 10 metres, with a jog back to the start at the end of each one: 
 
Heel walk reach up               A walk  Walking lunge       Walking lunge 
      with reach up                  with ham stretch 
 
 
 
 
 
 
 
 
 
 
 
 
 
Lateral skip right & left   Lateral shuffle right & left 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Perform the following in place:  
 
4 point away hip sway x 6 each side     Iron cross x 6 each side  
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Mountain climbers with reach x 3 each side 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Partner leg swings forward and back x 5 each side 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Partner leg swings lateral x 5 each side 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Perform 3 x submax countermovement jumps during which technique can be corrected if 
needed so that they are competent leading into the test. Then give them a max effort practice 
effort before completing their 3 jumps. 
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The D-BIICEP Study: Injury Questionnaire 
 
Participant ID: _______________________________ 
 
Sport(s):   _______________________________ 
 
Date of Injury: _______________________________ 
 
 
Briefly describe how you received this injury:  
 
_________________________________________________________________________________ 
 
_________________________________________________________________________________ 
 
Please indicate which of the following you injured with a tick. Please circle where the injury was 
sustained: right (R) or left (L) side of the body/ muscle etc. 
Did you seek medical attention after the injury?      YES          NO    
 
Who did you see? 
_________________________________________________________ 
 
Have you been advised to stop training because of your injury?  YES 
 NO 
 
How long will you not be able to train for your sport due to the injury specified 
above? 
 
___________________________________________________________________ 
 
___________________________________________________________________ 
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Appendix III: 
D-BIICEP II Study 
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Detailed Protocol 
 
Protocol Title:  
The Inter-relationship between Vitamin D: Bone, Illness, Injury and its Impact on Exercise Performance (The 
D-BIICEP Study) 
 
Principal Investigator:  
Name: Professor Susan Lanham-New 
Address: Department of Nutritional Sciences, Faculty of Health & Medical Sciences, University of Surrey, 
Guildford, Surrey GU2 7XH 
Telephone: 01483 6896476 
Email: s.lanham-new@surrey.ac.uk 
 
Co-investigators: 
Name: Miss Saskia Wilson-Barnes (PhD research fellow) 
Address: Department of Nutritional Sciences, Faculty of Health & Medical Sciences, University of Surrey, 
Guildford, Surrey GU2 7XH 
Telephone: 01483 689222 
Email: s.wilson-barnes@surrey.ac.uk 
 
Name: Dr Julie Hunt 
Address: Department of Nutritional Sciences, Faculty of Health & Medical Sciences, University of Surrey, 
Guildford, Surrey GU2 7XH 
Telephone: 01483 689400 
Email: j.hunt@surrey.ac.uk 
 
Name: Dr Ralph Manders 
Address: Department of Nutritional Sciences, Faculty of Health & Medical Sciences, University of Surrey, 
Guildford, Surrey GU2 7XH 
Telephone: 01483 688668 
Email: r.manders@surrey.ac.uk 
 
1.0 Background & Rationale 
It is known that poor vitamin D status is a very common problem in the UK, specifically within the athletic 
community (Owens et al., 2014). It is also known that a lack of vitamin D availability has potentially serious 
health implications, especially with respect to bone and muscle function (Holick et al., 2008).   
 
There has been much interest in the role of vitamin D deficiency or insufficiency in athletic populations 
(Halliday et al., 2011), however there is little evidence for those regularly partaking in University Sport residing 
within the United Kingdom. In addition to this there has been little research focussing upon the relationship 
between sport performance and vitamin D status. In line with this, little is known of the effects of different 
sports on bone health between the sexes. Weight bearing exercises such as rugby and basketball evoke very 
different mechanical loading profiles on the bone compared to non-weight bearing exercises such as swimming 
and can therefore also play an instrumental role in bone health in these physically active populations. Previous 
research has also failed to provide definitive conclusions upon the effect of Vitamin D status on bone, illness, 
injury and sport performance due to small subject groups, therefore, this study hopes to recruit ≥200 
participants.  
 
The results obtained from this study will provide vital information on UK university sporting populations and 
their vitamin D status. This will help to inform the wider scientific community to determine future public health 
strategies and thus potentially positively impacting on the health of the young adult sporting population for 
years to come.  
 
 
2.0 Objectives & Design 
 
2.1 Primary Objectives: To determine the effects of regular training and competition on the inter-relationship 
between vitamin D status, calcium homeostasis, bone health, injury, illness and sport performance in young 
active adults.  
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2.2 Secondary Objectives 
 
ix) To conduct an observational study in Sept 2015 – March 2016 and Sept 2016- March 2017 
x) To recruit a total of 200 male and female university students partaking in regular training and 
competition for different Team Surrey sports  
xi) To measure bone mineral density and content in winter and spring, and its relationship with Vitamin D 
status and the incidence of injury in athletes. 
xii) To measure vitamin D status in winter and spring to determine its relationship with the incidence of 
illness and performance outcomes.  
xiii) To distinguish the effects of indoor/outdoor/mixed training and competition on vitamin D status.  
xiv) To interpret the effects of high/medium/low impact sports on bone mass.  
xv) To measure changes in performance (vertical jump, hand-grip strength, knee extensor muscular 
strength and aerobic fitness) throughout an academic sporting season.  
xvi) To measure any incidence of injury and illness that occurs between winter and spring and its 
correlation with Vitamin D status, training and bone health.  
 
2.3 Hypothesis 
We propose that athletes will have a sub-optimal (<50 nmol/l) of 25 (OH) D status at baseline and a poor 
vitamin D status (lowered plasma 25(OH)D) during the spring as a result of lower daylight exposure during the 
winter period. In addition to this we assume that those who regularly compete and train indoors will have a 
lower Vitamin D status at baseline due to insufficient exposure to ultraviolet B radiation from the Sun.  
 
3.0 Experimental Design 
The D-BIICEP Study is an observational study. Participants will be assessed at baseline in winter 
(September/October) and again at the end of the observational period in spring (February/March).  
 
The observational period will run for the first 100 participants from September/ October 2015 – February/ 
March 2016. The second observational period will run for the second 100 participants from September/ October 
2016 – February/ March 2017.  
 
3.1 Sample Size 
Statistical analysis indicates that a minimum of 68 subjects is required in order to detect a % difference in 
vitamin D concentrations across seasons at a power of 85%, significance level P<0.05. Taking into 
consideration the study by Hamilton et al (2010) experienced a dropout rate of 40% in their collegiate athletes 
across the academic year therefore, the final number of subjects that should be recruited is 95 within the first 
year. 
 
A total of 200 subjects are required for this study, with the recruitment of 100 males (M) and 100 females (F) 
from different indoor and outdoor sports across Team Surrey. No specific sports will be targeted, all members of 
sports will be welcome to take part in this study. 100 participants (50F, 50M) will be expected to partake in the 
20-week observational period of 2015-2016. A separate set of 100 participants (50 F, 50 M) are expected to be 
recruited for the 2016-2017 observational period.  
 
 
3.2 Recruitment 
Participants will be recruited from the University of Surrey; posters will be positioned around the Stag Hill 
campus, Manor Park Campus and Hazel Farm. Flyers will be placed in communal areas, the students union, the 
university library and at Surrey Sports Park to promote awareness for the study. In addition to this, a brief 
presentation will be given to students following their lectures in the same format as the poster or flyer. 
 
Coaching staff and the signatories of Team Surrey committees will also be approached for the study and flyers 
will be provided to hand out to their team members if they are keen to complete this as a team. Social media 
sites such as Facebook will be used to publicise the study: the poster or flyer will be inserted as a photo with 
permission of the administrator of the Facebook pages.  
 
The recruitment end date for the first leg of the study will be 1st November 2015. Recruitment end date for the 
second leg of the study will be the 1st November 2016. No incentives or food will be given to the participants. 
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3.3 Selection & Withdrawal of Participants  
 
3.3.1 Inclusion Criteria 
 
 Male or female 
 Aged 18-30 
 Regularly partakes in training/ competition for a sport competing in BUCs (≥4 hrs/ week) 
 In good physical health 
 Have a BMI >18 kg/m2 
 Written informed consent 
 
3.3.2 Exclusion Criteria 
 
 Currently receiving treatment for medical conditions that are likely to affect vitamin D metabolism 
 Hypercalcaemia (>2.5mmol/L) 
 Regular use of sun-beds 
 Having a sun holiday one month prior to commencing the study or plans for a sun holiday within the 
study period or will be returning home to a sun holiday location.  
 Use of vitamin supplements containing vitamin D (if the prospective participants agrees to stop 
Vitamin D supplementation to join the study, a wash-out period of 8 weeks prior to commencing the 
trial would be acceptable).  
 Excess alcohol intake for participants aged 18 years (> 21 units for males, > 14 units for females per 
week, as per Government guidelines) 
 Those under dietary restriction (except vegetarianism) or following a weight-reducing diet. 
 Clinically significant haematological abnormalities other than mild anaemia (Hb<12.0g/dl) 
 Active malignancy 
 Pregnant or planning a pregnancy during the study period  
 
If a participant is subsequently found to be ineligible for the study their screening questionnaire will be 
destroyed due to the questionnaire containing sensitive information. 
 
3.3.3 Withdrawal 
 
All participants will be notified during the consenting process that they are free to withdraw from the trial at any 
time, without giving a reason. 
 
Participants will be withdrawn from the trial by the Principal Investigator if: 
1. The participant develops a medical condition or becomes pregnant either prior to entering the 
study or during, which may adversely affect the outcome of the study. 
2. It is clearly demonstrated that the participant is non-compliant completing study activities and the 
control procedures requested of them. 
3. If the participant suffers an adverse event  
 
All data prior to subject withdrawal will be used in analysis; unless the participant specifically requests that their 
data is not to be used. Withdrawn participants will not be replaced as an anticipated drop-out rate of 15% has 
been accounted for in the recruitment targets. 
 
4.0 Trial Visit Activities 
 
During this study the subjects will be asked to visit the labs on two occasions, at the beginning of the study for 
baseline measurements, and at the conclusion of the study.  
 
At both trial visits, participants will have the following outcomes assessed:  
 Sport performance: Vertical jump height, muscular strength and aerobic fitness 
 Peripheral Quantitative Computed Tomography (pQCT) scan of the bone mineral composition of the 
forearm. 
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 Weight, height, body fat percentage, lean body mass etc. using TANITA (a body composition monitor, 
which uses bio-electrical impedance analysis technology) 
 Serum 25(OH)D levels, lipid profile, glucose, insulin, serum calcium, albumin, parathyroid hormone, 
C-terminal telopeptide (CTX), full blood count, kidney, thyroid and liver function (≈15ml of whole 
blood will be collected for these measurements). 
 Dietary intake using self-reported food diaries  
 
Aerobic fitness will be tested using a VO2 max exercise protocol using a stationary cycle ergometer, the 
participants will be expected to perform this to maximal effort or exhaustion. The test will consist of progressive 
increments in cycling workload (power output, W) until volitional fatigue.  The test will take about 8 – 12 
minutes to complete and is dependent upon the fitness of the participants. This will take place in the sport labs 
based in the Clinical Investigation Unit (AX00). All subjects will be supervised during exercise at all times and 
will implement an adequate warm-up and cool-down to minimize the risk of injury. Staff will be on hand 
throughout the testing trained adequately in basic life support (including defibrillation).  
 
Muscular strength assessments will be performed at the Surrey Human Performance Institute. Muscular strength 
of the knee extensor and handgrip muscles will be determined using an Isokinetic Dynamometer and a handgrip 
dynamometer respectively. For each assessment three maximal effort isometric contractions will be performed 
and peak torque (nM) and strength (kg) will be recorded.  
 
Results of the body composition, jump height, muscular strength, aerobic fitness (maximal oxygen uptake: 
VO2max) and dietary intake from the self-reported food diaries will be made available to the subjects upon 
request. The results from the blood analysis will be reported to the subject if there are any health concerns 
raised. If the results are within healthy ranges the participants will not be contacted unless they specifically 
request for this information.  The investigators will not be contacting their GPs if there are any concerns raised 
in the study however we will stress that they should contact their GP themselves to discuss the results we found.  
 
 
 
4.1 Outline of Study 
 
Screening questionnaire administered to participant 
 
 Session 1 (w/c 03/10/16): Consent forms to be signed, pQCT test and weight, height and body 
composition. Vertical jump height and aerobic fitness test 
 
 Session 2 (w/c 10/10/16): Plasma samples collected and muscular strength tests performed 
 
 
 
20 weeks of training/ competition for their respective University Sport Team 
 
 Session 3 (w/c 27/02/17): pQCT test, weight, height and body composition. Vertical jump height and 
aerobic fitness test 
 
 Session 4 (w/c 06/03/17): Plasma samples collected and muscular strength tests performed 
 
 
Upon commencing the study, the participants will be required to track their incidence of illness and training 
habits during the 20-week experimental period between baseline and conclusion measurements.  Throughout 
this period they must record the incidence of illness and days trained during the months using an excel 
spreadsheet. An emailed reminder will be sent to prompt all participants to forward their completed spreadsheet 
after each calendar month during the experimental period. Throughout the duration of the trial, the participants 
will be contacted via telephone/ email on a monthly basis to discuss any issues and maintain good 
communication.  
 
5.0 Study Evaluation and Statistical Analysis 
Statistical analysis will be undertaken with support from the University of Surrey statistical department. Data 
will be checked for normality using appropriate testing. Appropriate parametric/non-parametric analysis will be 
applied.   
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6.0 Data Handling 
 
The Principal Investigator will act as custodian for the trial data. The following guidelines will be strictly 
adhered to: 
 
 Participants data will be completely anonymised 
 All anonymised data will be stored in a secure location on the University’s servers and on a password-
protected computer these will be in line with best practice as recommended in the University of Surrey 
Research and Information Governance policies.  
 All trial data will be stored and archived as indicated by The Medicines for Human Use (Clinical 
Trials) Amended Regulations 2006. 
 When a subject does not meet the inclusion criteria, all questionnaires and collected data will be 
destroyed. 
 
7.0 Publication policy 
 
The results of the study will be reported and disseminated to the scientific community via peer-reviewed 
journals and international conferences. The general public will be engaged via the release of results to the local 
and national media, relevant charities and community networks and an invited talk at the University.  
 
8.0 Signatures 
 
 
    07/09/16 
________________________________   _____________________ 
Principal Investigator      Date 
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PARTICIPANT INFORMATION SHEET 
 
Title: The Interrelationship between Vitamin D, Bone, Illness, Injury and its Impact on Exercise 
Performance (The D-BIICEP Study) 
You are being invited to take part in a research study. Before you decide whether or not to take part, it is 
important for you to understand why the research is being done and what it will involve. Please take time to 
read the following information carefully.  
 
Principal Investigator:  Prof. S. Lanham-New 
Co-investigators:  Dr R. Manders 
Dr J. Hunt 
PhD Research Fellow:  Miss S. Wilson-Barnes 
 
What is the purpose of the study? 
Previous research has suggested that there is a high proportion of vitamin D deficiency or insufficiency in 
sporting individuals. Little investigation has been conducted on those competing and training at university level 
in relation to their Vitamin D status within the UK. Therefore, the aim of this project is to test whether regular 
training and competition indoors and outdoors has an impact upon their Vitamin D status and if this has a 
relationship with bone health, injury, illness and sporting performance during winter and spring.  
 
Can I take part in the study? 
 
You may take part in the study if you: 
 Age 18-30 years 
 Do not use sun beds/ will not be going on a sun holiday/ returning home to a traditional sun holiday 
location between February 2017 and October 2017. This is because, the results will be used to 
represent the Vitamin D status of young sporting individuals residing within the UK during the Winter 
and Spring seasons.  
 Do not take supplements containing Vitamin D 
 Regularly train/compete for Team Surrey Basketball, Boat Club, Swimming and Waterpolo, Netball or 
Rugby (for more than 4 hours/week) 
 BMI ≥18kg/m2 
 
Do I have to take part? 
 
No, participation is completely voluntary. If you do decide to take part you will be given this information sheet 
to keep and be asked to sign a consent form. If you decide to take part you are still free to withdraw at any time 
from the study without providing a reason. All data collected before you withdrew from the study will be used 
in our analysis; unless you specifically request that your data may not be used to the investigators.  If you are 
currently an undergraduate/postgraduate studying at the University of Surrey, partaking in this study will have 
no impact on your marks, assessments and future studies. It will not affect your relationship with your peer 
students or lecturers conducting the research if you chose to withdraw at any point.  
 
What will happen to me if I take part? 
 
We will provide you with information about your muscular strength and power, physical fitness, body 
composition, bone health, blood biochemistry and dietary intake.   
 
Once you have read this information sheet, completed a health screening questionnaire and discussed the details 
with a researcher, you will be asked to sign a consent form. You will then be invited to attend the Clinical 
Investigation Unit at Surrey University (AX building) for your first session. You will be expected to have a 
bone scan using Peripheral Quantitative Computed Tomography (pQCT) on your non-dominant arm. You will 
also be expected to have your body composition and anthropometrics measured using a fixed stadiometer to 
measure your height and through bioelectrical impedence using a TANITA. This measures body composition 
(including weight, lean body mass, body fat percentage etc.) through the flow of a small harmless electrical 
signal.  
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Following these two tests you will be expected to complete physical fitness testing including a maximal oxygen 
consumption test (otherwise known as a VO2MAX test), and a vertical counter-movement jump test. The VO2MAX 
test will measure your cardiorespiratory fitness. The test will be performed on a stationary bike and will take 
about 8 – 12 minutes to compete. During the test the workload (power output measured in watts) will be 
progressively increased; you will start cycling at a low load, but it will get harder, just like cycling up a 
mountain which keeps getting steeper. You will be expected to maintain a set pedal frequency until exhaustion. 
Throughout the test you are required to wear a mask (which covers your nose and mouth but allows you to 
breathe freely during the exercise) so that your expired air can be measured. Blood samples will be taken every 
3-4 minutes, which will involve a very small pin prick (on the finger or ear lobe) to draw a small amount of 
blood, in order to analyse lactate levels throughout the test. The vertical jump height will be assessed using an 
optical measurement system which consists of a transmitting and receiving bar (Optojump).  
Total time of this session is unlikely to exceed 60 mins. 
You will also be given a booklet of a five day food diary to complete to measure your total dietary intake. Food 
diaries should be handed in during the winter and spring data collection time periods to the investigators. In 
addition to this you will be expected to complete an IPAQ physical activity questionnaire, an online illness 
questionnaire and to complete an excel spreadsheet throughout the measurement period to track the incidence of 
illness throughout the 20 weeks.  
 
For your second session you will be required to attend the Surrey Human Performance Institute at Surrey Sports 
Park. Please note that you will be required to come to this appointment in a FASTED state (more than 8 hours 
since your last meal) you will not be provided with food, therefore it is advised to bring food for after 
completing the session. Participants are to abstain from strenuous exercise 48 hours prior to this and no exercise 
(in excess of habitual physical activity including walking and other forms of low-intensity committing activities) 
should be performed in the final 24 hours before you come into this session. 
You will be expected to: 
 Provide a blood sample of ≈ 15mls (testing for: Serum 25(OH)D levels, serum calcium, albumin, 
parathyroid hormone, C-terminal telopeptide (CTX) and other bone markers)  
 Provide a finger prick blood sample to test for Haemoglobin levels 
 Complete a quadriceps muscular strength test (using an Isokinetic Dynamometer) with a standardized 
warm-up and stretch prior to commencing this. 
 Complete a hand grip strength test (using a handgrip Dynamometer) 
These combined tests will take a maximum of 30 minutes. 
 
You will be expected to repeat these 2 separate sessions again after 20 weeks of your normal exercise training 
and competition in your sport (in Autumn: September/ October 2017). The researchers will also be in contact 
with you throughout the study by either telephone or email.   
 
Is there anything I need to do before the sessions? 
 
Session 1: Wear sensible clothing and shoes to exercise in. Come in well hydrated and bring water as 
you will be completing the physical test to exhaustion. 
 
Session 2:  You must be fasted and well hydrated 8 hours prior to your appointment time. Please arrive 
wearing sensible shoes and light clothing to exercise in.  
 
Are there any risks in participating? 
 
Muscular strength (quadriceps and handgrip muscles) tests require a short-lived period of maximal effort. The 
exercise test (VO2MAX) will cause breathlessness, you can lose your balance and fall, or you may faint as it will 
lead to physical exhaustion but you should recover within a few minutes. Furthermore, you may develop some 
muscle and joint soreness during and after the exercise. Risks are minimised through health screening, and the 
investigators involved are vigilant in ensuring the participants safety at all times and are suitably trained in basic 
life support. In case of an emergency, emergency equipment are available in the exercise laboratory, and 
emergency procedures are in place. We may stop the test at any time because of signs of fatigue or abnormal 
changes in any of the measurements that we are recording. 
 
A blood sample will be taken; this may cause some light bruising. Occasionally some people may feel faint 
while having their blood taken and so to help reduce the risk of this you will have your blood taken whilst lying 
down on a bed or in a reclined chair. The lancet used to collect your finger prick blood test will involve a 
momentary sharp prick to a finger of your choice (usually taken from the non-dominant hand). All blood 
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samples will be taken by experienced personnel. Testing may point towards an underlying health condition, you 
will be informed by the researchers should any issues arise. 
The University of Surrey holds insurance policies which apply to this study.  If you experience harm or injury as 
a result of taking part in this study, you will be eligible to claim compensation. This does not affect your legal 
rights to seek compensation. 
 
 
Are there any benefits in participating?  
 
Yes, you will find out important information about your bone health and your risk of osteoporosis later in life. 
You will also find out information about your body composition (such as lean body mass and fat mass), 
nutritional intake, muscular strength and cardiovascular fitness.  
 
Ionising Radiation (Medical Exposure) Regulations – IRMER 
A peripheral Quantitative Computed Tomography (pQCT) scan of the forearm will be performed at the 
University of Surrey, the procedure is painless. The radiation dose is considered negligible and is equivalent to 
around 2 hours of natural background radiation that we are exposed to throughout our lives. You will be asked 
to sit on a seat where a scan of your forearm will be performed. The procedure involves placing your forearm 
into the scanning machine where an X- ray beam moves across it. The scans take approximately 20 minutes to 
complete and do not require removal of clothing. The exception is wrist watches/jewellery which must be 
removed for the arm scan. 
Will what I say/do in this study be kept confidential? 
 
Personal data will be handled in accordance with the Data Protection Act 1998.  Data will be anonymised by 
assignment of a code that will not be linked with any personal details. All documents will be kept in a safe 
environment and will not be exposed to those who are not involved in the study. The written report may be 
published in a peer-reviewed scientific journal and presented at scientific meetings, in which it will not be 
possible to identify you. Research data will be securely retained for at least 10 years in line with University of 
Surrey policy.  
 
What will happen to the results of the study? 
At the University of Surrey, as part of the postgraduate thesis we are required to recruit trained individuals of 
multiple sports for our research. All data will be used for the purposes of this investigation. If you wish to obtain 
a copy of this please contact the researchers or their supervisors: Prof S. Lanham-New, Dr R. Manders or Dr. J. 
Hunt.  
 
What will happen to any samples I give? 
The blood samples that you give will be frozen and stored in our secure -80oC freezer for future measurement of 
key metabolites and some of these will be sent away for analysis of vitamin D levels. All samples will be 
securely kept for a period of at least 10 years in our freezers and anonymised. 
How long will you keep the samples I give? 
We will keep the samples that you provide us within our secure -80oC freezer for a period of at least 10 years in 
line with the University of Surrey policy.  
Who has reviewed the study? 
This study has been reviewed and received a favourable ethical opinion from the University of Surrey Ethics 
Committee.  
 
Contact for further information 
Any complaint or concern about any aspect of the way you have been dealt with during the course of the study 
will be addressed; please contact Miss Saskia Wilson-Barnes, Principal Investigator on 01483 689222 or 
s.wilson-barnes@surrey.ac.uk in the first instance or my Supervisors Dr R. Manders: r.manders@surrey.ac.uk 
or Dr J. Hunt j.hunt@surrey.ac.uk. Alternatively, you can contact the head of school: 
d.blackbourn@surrey.ac.uk. 
 If you are harmed due to someone's negligence, then you may have grounds for legal action.  Regardless of this, 
if you wish to complain, or have any concerns about any aspect of the way you have been treated during the 
course of this study then you should follow the instructions given above.  
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Thank you for taking time to read the information sheet. 
 
 
 
 
 
 
 
CONSENT FORM 
 
Title: The Interrelationship between Vitamin D, Bone, Illness, Injury and its Impact on 
Exercise Performance (The D-BIICEP Study) 
 
Participant Number: ____________ 
 
I the undersigned voluntarily agree to take part in the above study on _______________. 
 
 I have read and understood the Participant Information Sheet (version 10,  27/09/16) provided. I have been 
given a full written and verbal explanation by the investigator of the nature, purpose, location and likely 
duration of the study, and of what I will be expected to do. I have been given the opportunity to ask 
questions on all aspects of the study and have understood the advice and information given as a result.  
 
 I agree to comply with any instruction given to me during the study and to co-operate fully with the 
investigators. I shall inform them immediately if I suffer any deterioration of any kind in my health or well-
being, or experience any unexpected or unusual symptoms.  
 
 I consent to my personal data, as outlined in the accompanying participant information sheet, being used for 
this study. I understand that all research data will be held for at least 10 years in accordance with University 
policy and that my personal data is held and processed in the strictest confidence, and in accordance with 
the {UK} Data Protection Act (1998). 
 
 I understand that if blood analysis identifies any parameters (identified in the Participant 
Information Sheet [version 5, 12/08/15]) that fall outside of the healthy range, the 
researchers will notify me, but it is my responsibility to follow this up with my GP.  
 
 I understand that I am free to withdraw from the study at any time without needing to justify my decision 
and without prejudice.  
 
 I understand that in accordance with the English law, insurance is in place which covers harm that is likely 
to result from my participation in this study as detailed in the participant information sheet.  
 
 I confirm that I have read and understood the above and freely consent to participating in this study. I have 
been given adequate time to consider my participation and agree to comply with the instructions and 
restrictions of the study.  
 
 
 
................................................................  ………………….. …………………………. 
Name of Participant (BLOCK CAPITALS)  Date   Signature 
 
 
 
................................................................  ………………….. …………………………. 
Name of Researcher (BLOCK CAPITALS)  Date   Signature 
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UniS 
 
University of Surrey 
  
 
 
 
 
 
Subject: __________ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
_  
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Information for Participants 
 
Session 1- Fitness, Bone and Body measurements 
 
What? We will be doing a scan on your non-dominant arm using Peripheral Quantitative 
Computed Tomography (pQCT) and a full body composition measurement using a TANITA. 
You will also complete a maximal aerobic capacity test (VO2MAX) on a stationary bike and a 
vertical jump test using an Optojump. Blood samples will be taken every 3-4 minutes, which 
will involve a very small pin prick (on the finger or ear lobe) to analyse lactate levels 
throughout the fitness test. 
 
Where? University of Surrey, Stag Hill Campus- Building AX00 (The CIU) 
 
Do I need to do/bring anything? Wear sensible shoes/ clothing to exercise in and bring 
water. Come in well hydrated and bring fluids with you for after the fitness test.  
 
Estimated time: 60 mins  
 
 
Appointment Date: ______________________  Time: _______________  
 
 
 
 
Session 2- Blood & Muscular Function Tests 
 
What? You will be expected to provide a small blood sample and complete a muscular 
function test using an Isokinetic Dynamometer. You will also be asked to complete a hand-
grip strength test.  
 
Where? Surrey Sports Park; the Human Performance Institute (by the squash courts) 
 
Do I need to do/ bring anything?  
 Please DO NOT do any strenuous exercise 48 hours before your appointment. Also, 
REFRAIN from any exercise 24 hours before your appointment- excluding habitual physical 
activity (such as walking to university, house chores etc.) 
 Come to your appointment FASTED (more than 8 hours since your last meal) and well 
hydrated.  
 Wear sensible shoes and clothing to exercise in.  
 
 
Estimated Time: 30-45 mins 
 
 
Appointment Date: ______________________  Time: _______________  
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Please record everything that you eat and drink for 5 days (to include a Saturday or Sunday). 
Before your fitness test you will also be required to fill in what you ate and drank the day 
before. Start a new page for each day and use as many pages as you need.  
Record each item as close to the time of eating/ drinking as possible.  
 
Give a full description of your food, including:  
 The type and brand of each item 
 What cut of meat is used and whether the fat has been trimmed?  
 How the food was prepared and which cooking method has been used: e.g. 
boiling/frying/roasting/baking 
 
EXAMPLE 
Time 
Food & Drink 
(Please describe in detail, including brand names) 
Amount Eaten 
8.00 am Muesli – Sainsburys 5 Tbsps 
 Semi-skimmed milk ½ mug 
 Brown sugar 2 tsps 
 Toast- Hovis granary bread 2 medium slices 
 Margarine (Flora original) Scrape on each slice 
 Honey 2 Tsps 
 Tea 1 mug 
 Semi-skimmed milk (in tea) ¼ mug 
 White sugar (in tea) 1tsp 
   
10:30 am Coffee Mug 
 Whole milk (in coffee) ½ mug 
 Packet of crisps (walkers: cheese & onion) 25g 
   
1:00 pm Sandwich: white bread (Hovis) 2 medium slices 
 Margarine (Flora original) Scrape on both slices 
 Egg Mayonnaise 1 egg, 2 tbsps mayo 
 Cress 1 handful 
 Cucumber 4 slices 
 Orange Juice (Tropicana) 330mls 
   
3:30pm Tea  1 mug 
 Whole milk (in tea) Splash 
 White sugar (in tea) 2 tsps 
 Twix 2 fingers 
   
6:30pm Boiled white rice 200g (cooked) 
 Chicken curry If it is a ready meal 
write the brand and 
weight of packet 
 Strawberry yoghurt (Sainsbury’s low fat) 125g 
10:30pm Lager (brand) 1 pint 
 
(Please continue on another page if necessary) 
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Day 1 
Date: ___________   Day of the Week: _______________________ 
 
(Please continue on another page if necessary) 
Time 
Food & Drink 
(Please describe in detail, including brand 
names) 
Amount Eaten 
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Day 2 
Date: ___________   Day of the Week: _______________________ 
(Please continue on another page if necessary) 
Time 
Food & Drink 
(Please describe in detail, including brand 
names) 
Amount Eaten 
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Day 3  
Date: ___________  Day of the Week: _______________________ 
(Please continue on another page if necessary) 
Time 
Food & Drink 
(Please describe in detail, including brand 
names) 
Amount Eaten 
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Day 4 
Date: ___________   Day of the Week: _______________________ 
(Please continue on another page if necessary) 
Time 
Food & Drink 
(Please describe in detail, including brand 
names) 
Amount Eaten 
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Day 5 
Date: ___________   Day of the Week: _______________________ 
 
(Please continue on another page if necessary) 
Time 
Food & Drink 
(Please describe in detail, including brand 
names) 
Amount Eaten 
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THANK YOU FOR TAKING THE TIME TO COMPLETE THIS FOOD DIARY 
 
PLEASE RETURN THIS BOOKLET TO THE INVESTIGATORS AS SOON AS YOU HAVE 
COMPLETED THIS  
 
 
If you have any concerns/ queries please contact the principle researcher on: 
 
s.wilson-barnes@surrey.ac.uk 
 
OR 
 
01483 689 222 
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UniS 
University of Surrey 
INJURY & ILLNESS 
BOOKLET  
 
Subject: ___________ 
 
Sport:__________  
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Instructions for Participants 
 
Complete each night prior to sleeping, if your answer to any question is NO then simply 
write N 
 
Step 1: Indicate using (Y/N) on days where you trained, the intensity, duration and any 
injuries sustained.  
 
Step 2: Indicate using (Y/N) on days where illness was experienced 
 
Step 3: Tick boxes relating to doctor’s visits, blood tests and medication 
 
Step 4: Tick boxes to identify type of medication used 
 
Step 5: Tick boxes to identify the symptom and the extent to which it affected training  
(minimal= normal training, moderate=modified training, severe=discontinued training) 
 
 
If you have any queries please do not hesitate to contact the primary investigator on 
s.wilson-barnes@surrey.ac.uk or 01483 689222 
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Month: __________________________________ 
 
 
 
 
 
Day 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 
Did you train (Y/N)?                                                               
Intensity (1:low, 5:high)                                                               
Exercise duration (min)                                                               
Are you injured (Y/N)?                                                               
 
                               
                                
Illness (Y/N)                                                               
Doctors visits                                                               
Blood tests                                                               
Medication                                                               
Antibiotics                                                               
Anti-inflammatory                                                               
Pain Killers                                                               
Decongestant                                                               
Anti-histamine                                                               
Other (specify)                                                               
 
 
Illness: (write here the symptoms you experienced whilst you were ill. Please continue on another page, if necessary) 
 
……………………………………………………………………………………………………………………………………………………………………………… 
 
Injury: (write here if you have sustained an injury, please include the date) 
 
………………………………………………………………………………………………………………………………………………………………………………. 
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Month: __________________________________ 
 
 
 
Day 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 
Did you train (Y/N)?                                                               
Intensity (1:low, 5:high)                                                               
Exercise duration (min)                                                               
Are you injured (Y/N)?                                                               
 
                               
                                
Illness (Y/N)                                                               
Doctors visits                                                               
Blood tests                                                               
Medication                                                               
Antibiotics                                                               
Anti-inflammatory                                                               
Pain Killers                                                               
Decongestant                                                               
Anti-histamine                                                               
Other (specify)                                                               
 
 
Illness: (write here the symptoms you experienced whilst you were ill. Please continue on another page, if necessary) 
 
……………………………………………………………………………………………………………………………………………………………………………… 
 
Injury: (write here if you have sustained an injury, please include the date) 
 
………………………………………………………………………………………………………………………………………………………………………………. 
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Month: __________________________________ 
 
 
 
Day 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 
Did you train (Y/N)?                                                               
Intensity (1:low, 5:high)                                                               
Exercise duration (min)                                                               
Are you injured (Y/N)?                                                               
 
                               
                                
Illness (Y/N)                                                               
Doctors visits                                                               
Blood tests                                                               
Medication                                                               
Antibiotics                                                               
Anti-inflammatory                                                               
Pain Killers                                                               
Decongestant                                                               
Anti-histamine                                                               
Other (specify)                                                               
 
 
Illness: (write here the symptoms you experienced whilst you were ill. Please continue on another page, if necessary) 
 
……………………………………………………………………………………………………………………………………………………………………………… 
 
Injury: (write here if you have sustained an injury, please include the date) 
 
………………………………………………………………………………………………………………………………………………………………………………. 
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Month: __________________________________ 
 
 
 
Day 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 
Did you train (Y/N)?                                                               
Intensity (1:low, 5:high)                                                               
Exercise duration (min)                                                               
Are you injured (Y/N)?                                                               
 
                               
                                
Illness (Y/N)                                                               
Doctors visits                                                               
Blood tests                                                               
Medication                                                               
Antibiotics                                                               
Anti-inflammatory                                                               
Pain Killers                                                               
Decongestant                                                               
Anti-histamine                                                               
Other (specify)                                                               
 
 
Illness: (write here the symptoms you experienced whilst you were ill. Please continue on another page, if necessary) 
 
……………………………………………………………………………………………………………………………………………………………………………… 
 
Injury: (write here if you have sustained an injury, please include the date) 
 
………………………………………………………………………………………………………………………………………………………………………………
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ARE YOU INTERESTED IN KNOWING MORE ABOUT 
YOUR: 
Body Composition  
Bone Health  
Muscular Strength  
Cardiovascular Fitness  
 
THEN WE WOULD LIKE YOU TO TAKE PART IN OUR STUDY 
ON: 
 
 
 
 
 
 
 
 
 
 
You will receive information on your bone health, body composition, 
physical fitness (VO2 Max tests worth £129 at SHPI) and your vitamin D 
status all for FREE! 
 
For more information contact: 
 
s.wilson-barnes@surrey.ac.uk  01483 689222 
 
FIND OUR EVENT ON FACEBOOK 
(This study has been reviewed and received a Favourable Ethical Opinion from the 
University of Surrey Ethics Committee) 
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The D-BIICEP Study 
 
 
 
 
 
If you: 
 Regularly train and compete for Team Surrey 
 
 Are aged 18-30 
 
 In good health 
 
 Have a BMI > 18kg/m2 
 
 
Then we would like to invite you to take part in our study 
investigating the effects of Vitamin D Status on Physical 
Performance and Bone Health. 
 
You will only be required to visit us 2 times during the winter and the spring.  
 
You will receive information on your bone health, body composition, 
physical fitness (VO2 Max tests worth £129 at SHPI) and your vitamin D 
status all for FREE! 
 
(This study has been reviewed and received a Favourable Ethical Opinion from the University of Surrey Ethics 
Committee) 
Recruitment Poster_V2_27/09/16 
 
If you would like to know more information then please contact: 
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Nutrition Bulletin: In Press (September Issue) 
 
 
 
 
VITAMIN D AND MUSCULOSKELETAL HEALTH:  
IMPLICATIONS FOR THE RECREATIONAL ATHLETE 
 
 
S.L Wilson-Barnes1, J.E Hunt1, S.A Lanham-New1 and R.J.F Manders1 
 
1Department of Nutritional Sciences, School of Biosciences and Medicine, Faculty of Health and 
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Abstract: 
Vitamin D is not a vital amine by definition, this is because our primary source of this prohormone is 
through sunlight exposure following ultraviolet B radiation (UVB). There are also limited sources of 
vitamin D within the human diet, specifically foods that have a large amount per average serving. 
Thus, research into vitamin D deficiency (<25nmol/L) and insufficiency (<50nmol/L) has become an 
increasingly popular topic. Current research focusses upon the potential ergogenic effects of vitamin D 
in sporting performance; however, the relationship between vitamin D (dietary intake and nutritional 
status) and bone health within a University or recreational athlete cohort remains under-investigated. 
Therefore, the aims of this review was to discuss the potential physiological roles vitamin D may play 
upon sporting performance within the recreational athlete; including its role within muscular strength 
and power. Moreover, this review aimed to discuss the influence an insufficient vitamin D status may 
potentially have upon bone health and the incidence of stress fractures.  
 
Overall, the findings from this review suggest that an insufficient or inadequate vitamin D status is 
commonly associated with lower indices of muscular power and aerobic fitness in athletic populations. 
It is also related to an increased risk of stress fractures within military recruits and is associated with 
superior bone health. Therefore, being vitamin D sufficient plays an important role in musculoskeletal 
health and could potentially influence athletic performance. It is hoped that this review on vitamin D 
may encourage the supplementation of vitamin D during the winter to ensure sufficiency (> 50nmol/L) 
year-round to promote a reduction in poor bone mineral density in later life and even improve physical 
performance parameters in younger healthy populations. This review also sought to highlight avenues 
for future research within vitamin D and sport; in particular within cohorts residing at higher latitudes 
(>40°N), where ultraviolet B radiation (UVB) exposure is negligible during the winter months.   
 
 
 
Key words: 
Vitamin D, Musculoskeletal Health, Physical Performance, University Athletes  
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Overview 
Evidence indicates that vitamin D has numerous roles in human health, with the strongest for skeletal 
integrity. Vitamin D is unique as it is not a ‘vital amine’ in the true definition of this word; it acts as a 
pro-hormone and has a secosteroid structure (which is similar to that of cortisol and aldosterone). The 
primary source of vitamin D is not through the diet but through subcutaneous sunlight exposure to 
ultraviolet B (UVB) irradiation. Within the United Kingdom (UK), the vast majority of the population 
is e unable to synthesise vitamin D3 from mid-October to the beginning of April (Webb and Holick, 
1988). This excludes those who go on sun-holidays during the UK wintertime. During the summer 
months in the UK, the effective UVB radiation occurs from mid-morning (11:00) to mid-afternoon 
(15:00). Therefore, those that remain indoors between these times are also at risk of low vitamin D 
status and insufficient vitamin D stores for the winter. As the majority of people reside and work 
predominantly indoors during the day for education or work this further contributes to the global 
epidemic of vitamin D insufficiency or deficiency (Cashman et al., 2016). Serum 25 hydroxyvitamin 
D (25(OH)D) is the circulating metabolite that is universally accepted as a measure of vitamin D status 
in humans;  however there remains much discussion within the science community regarding what 
constitutes serum vitamin D deficiency, insufficiency and an ‘optimal’ status. For adults, it is 
suggested by the Institute of Medicine (IOM) and European Food Safety Authority (EFSA) that 
serum/plasma 25- 25(OH)D concentration of <30nmol/L constitutes deficiency  (Ross et al., 2011; 
Bresson et al., 2016), whereas in the UK this threshold is set at <25 nmol/L (Department of Health, 
2016b).  
 
The recommendations for vitamin D requirements for the UK population were updated following the 
publication by the Scientific Advisory Committee on Nutrition (SACN) (Department of Health, 
2016b). This increased the reference nutrient intake (RNI) for UK dwelling adults (19-64 years) from 
0 to 10μg/d. Vitamin D intake remains minimal from the diet, with men and women on average 
consuming 3.9 and 3.4 µg/d respectively (Public Health England, 2019), which is considerably lower 
than the RNI.  This could potentially be attributed to the population not eating high sources of vitamin 
D, such as oily fish. The current dietary advice is set at 1-2 portions of oily fish per week, whereas 
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according to data presented by the National Diet and Nutrition Survey (NDNS) less than a quarter of 
the UK population surveyed consume oily fish, if at all. Moreover, it is imperative to state that few 
dietary sources exist that have a large vitamin D availability on average per serving; animal meats, 
eggs, dairy and non-dairy alternative fortified milks.   
 
Although there is much evidence relating to elite or professional level athletes and their vitamin D 
status, there is insufficient information relating to University or recreational athletes and their risk of 
vitamin D deficiency. A recreational athlete is considered a physically active individual that 
participates in sport at an amateur, masters or even club-level with the primary goal to be physically 
fit. Early findings from lower latitudes within the USA (Halliday et al., 2011; Fitzgerald et al., 2014; 
Villacis et al., 2014) would suggest that there is a significant need to promote more awareness of 
vitamin D insufficiency across these younger and recreational sporting populations.  Moreover, this 
population is explored within this review due to the potential application of findings to a healthy adult 
population, for which there is limited discussion in the current literature.  
 
Physiological roles of vitamin D in sport  
Bone health  
Vitamin D has a well-established role in bone health, this is because it directly influences calcium 
absorption through the intestine and kidneys. In the absence of the active form of vitamin D 
(1,25(OH)2D) calcium absorption can be limited. Although, when they are in excess of, or equal to 
75nmol/L it estimated that ≥30% of calcium can be absorbed to thereby improve bone density 
(Larson-Meyer, 2015). However, the majority of research focussed on the elderly and fall prevention 
within an ageing population. However, bone health is often overlooked by researchers within a 
sporting population (from elite athletes to the recreational exerciser). Moreover, it is imperative to 
ensure young athlete’s maximize the amount of bone mass attained during childhood and puberty as 
this is the optimal stage to build bone mass to thereby reduce their risk of developing osteoporosis (a 
disease characterized by porous and weak bone) later in life. Bone health is also a key concern for 
older women as they are at an elevated risk of osteoporosis or osteopenia (a condition characterized by 
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low bone mineral density) due to the reduction of oestrogen during the menopause. This loss in 
oestrogen therefore leads to an acceleration in bone loss during older age(Finkelstein et al., 2008).  
 
Loading and non-loading  
Bone is not inert: it is continuously remodelled through the recruitment of osteoblasts (responsible for 
forming bone) and osteoclasts (accountable for the degradation of bone). Bone structure can also be 
altered by forces placed upon it according to Wolff’s law (Turner, 1992). This predicts that increasing 
the load through physical activity improves bone strength in a site-specific manner. Previous studies 
have shown that bone strength is improved dependent on the type of physical activity (Weidauer et al., 
2014). Three types of physical activity that are particularly effective in enhancing bone strength; 
strength training that incorporates large load volumes, high impact training and plyometrics (jumping 
exercises) (Martyn-St James and Carroll, 2010; Gregov, C., Sala, 2014).  
 
Due to the non-weight bearing characteristics of particular sports, it can place the athlete at risk of 
lowered bone density. For example, swimming and cycling places its participants at risk of low bone 
mineral density (BMD) (Mudd, Fornetti and Pivarnik, 2007) due to the non-loading modality of these 
sports. Therefore, to compensate for the lack of loading in sports such as swimming and cycling, 
emphasis should be placed by health professionals on the promotion of a physical activity programme 
that incorporates strength training to actively load skeletal sites.  Female athletes that partake in 
aesthetic sports (such as gymnastics or dance) are also at significant risk of low BMD, this is because 
it is a significant contributor to the female athlete triad. The female athlete triad is characterized within 
sport science by a low bone density, menstrual dysfunction/ amenorrhoea and low energy availability 
within athletes (Andreoli et al., 2001). Although, this has been updated as of late to: relative energy-
deficiency in sports (RED-S). RED-S was formed to include male athletes who also restrict dietary 
intake and compulsively exercise thereby also presenting with a significantly low BMD (Mountjoy et 
al., 2018).  
 
Previous literature exploring the interrelationship between vitamin D and bone density in athlete’s 
report that there is no association between deficiency and bone health in their athletes (Halliday et al., 
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2011; Allison et al., 2015). Few studies have identified the association between vitamin D status and 
the geometrical changes in bone, therefore even though no alteration in density was reflected there 
could potentially be changes to bone composition.  
 
Stress fractures  
Emerging evidence suggests the importance of vitamin D for stress fracture prevention (Lappe et al., 
2008; Davey et al., 2016; Greishober et al., 2018). Stress fractures commonly occur in the tibia, tarsal 
bones, metatarsals, femur and fibula. These can be attributed to a sudden increase in physical activity, 
decreased lower extremity strength, lowered bone density and a history in menstrual disturbance 
(Moran et al., 2013). Stress fractures have been reported most commonly within prospective studies 
on military recruits, and attributed to the increased physical activity during intensive training 
programmes. Davey and colleagues (2016) reported that stress fractures occurred in 7% of their UK 
royal marines during recruitment training and found a low 25(OH)D (<50nmol/L) status was 
prospectively associated with a significantly increased risk of stress fractures. This relationship 
between low vitamin D status and stress fracture incidence is consistent with other prospective 
military-based investigations across the world, such as Finland (Ruohola et al., 2006) and the USA 
(Lappe et al., 2008).  
 
Stress fractures in elite athletic populations directly affect training and competition. However, there is 
a lack of evidence on the relationship between stress fractures and vitamin D supplementation or status 
in athletes. This is partly because many variables other than vitamin D status may contribute to a stress 
fracture, including; overtraining, dietary intake, smoking, age and amenorrhea in female participants 
(Mayer et al., 2014). One study found that a higher daily consumption of calcium, skim milk, milk and 
servings of dairy products was associated with a 68% lowered  incidence of stress fractures in female 
distance runners  (Nieves et al., 2010). Vitamin D intake predicted an increase in spine and hip BMD 
among this cohort, using a dual energy x-ray absorptiometry (DEXA) scan. An observational study 
conducted in female adolescents by Sonneville et al. (2012) when adjusted for confounders found that 
the highest quintile of vitamin D intake was associated with a 50% lower risk of stress fractures when 
compared to those who were in the lowest quintile. Although, there was no evidence of a protective 
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association between dairy intake and stress fracture risk. No associations were found between 
frequency of injury and vitamin D status was reported by Halliday et al. (2011) in their collegiate 
athletes. Further research is needed to explore  the effects of combined vitamin D and calcium intake 
or vitamin D status on stress fracture prevention in athletic populations. 
 
Muscle health 
There is emerging evidence to suggest that vitamin D plays a significant role in muscular function. 
Research into the potential benefit of vitamin D on muscular strength was initiated following the 
discovery of vitamin D receptors (VDRs) in skeletal muscle fibres (Hamilton, 2010). One proposed 
mechanism is that vitamin D increases the sensitisation of calcium-binding sites at the sarcoplasmic 
reticulum (Girgis et al., 2013). This leads to the exposure of active binding sights within the muscle, 
which thereby prompts muscular contraction. Other findings suggest that vitamin D may also 
influence muscle repair and regeneration (Owens et al., 2015).  
 
While mounting evidence indicates that, in elderly populations,  vitamin D insufficiency can 
potentially lead to a higher incidence of falls, stress fractures, sarcopoenia, muscle weakness, and even 
cognitive decline (Tanner et al. 2015). Less is known about the effects of an insufficient vitamin D 
status within athletic populations on physical performance. Research has demonstrated  improvements 
in muscular function using the measurement of isokinetic dynamometry following supplementation 
with vitamin D (Owens et al., 2014) although this was only demonstrated in deficient participants, 
using the IOM cut-off point for deficiency: 30nmol/l. Parallel to this, a systematic review with meta-
analysis identified 7 studies where baseline serum 25(OH)D levels were lower than what is deemed 
‘adequate’ by the IOM (<50nmol/l), although this was not exclusive to athletic populations 
(Tomlinson, Joseph and Angioi, 2015). Outcome measures varied between these studies, including 
isokinetic dynamometry, leg/chest and bench press and isometric quadriceps contractions. The meta-
analysis revealed that vitamin D supplementation improved upper and lower muscular strength and 
even muscular power. Therefore, further research is needed to explore the mechanisms of vitamin D 
on musculoskeletal function in healthy adults within athletic populations and its potential detrimental 
effects upon muscle power output. 
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There have been minimal studies that explore the effect of vitamin D supplementation on muscular 
power rather than strength, as discussed earlier. Close et al. (2013a) reported a significant 
improvement following 8-weeks of vitamin D3 supplementation (5000IU/d or 1000 μg/d) on 
professional footballers’ 10m sprinting times and vertical jump height. Both of these activities recruit 
type II muscle fibres due to the explosive power required to jump and sprint. Furthermore, the 
supplemented group had lower 25(OH)D status at baseline versus the placebo group, which could 
account for this improvement in muscular power Although predictors of muscular strength within the 
same study showed no improvement and had a small cohort of 10 participants.. Other studies saw no 
such improvement such as a larger study conducted by the same group found no improvement in 
predictors of muscular power following supplementation of 20,000 to 40,000IU/d of vitamin D over a 
12-week period in club-level athletes (Close et al., 2013b).  However, lower baseline vitamin D levels 
and sporting performance appeared to respond considerably to supplementation, therefore, future 
studies may find more substantial results by dividing subjects into groups based on their baseline 
levels. Thus, the prospective ergogenic effects may only be exhibited in athletes with a significant 
deficiency or insufficiency (Close et al., 2013b; Forney et al., 2014; von Hurst and Beck, 2014; 
Fitzgerald et al., 2015). Further investigation is warranted into the relationship between vitamin D 
status and muscular strength in a larger group of athletic individuals, with consideration given to 
baseline 25(OH)D status. This would allow greater insight as to whether vitamin D is essential for 
muscular power and strength.  
Vitamin D status in university athletes  
Interest in vitamin D status within athletic populations has risen due to the recent research indicating 
that vitamin D supplementation or the correction of vitamin D deficiency within a sporting population 
could potentially improve physical performance (Dahlquist, Dieter and Koehle, 2015). Studies 
conducted at different latitudes, including Australia (Peeling et al., 2013), USA (Halliday et al., 2011), 
the Middle East (Hamilton et al., 2014), Europe (Koundourakis et al., 2014; Aydın et al., 2019) and 
the UK (Owens et al., 2014), indicate that university athletic populations are at risk of vitamin D 
deficiency or insufficiency according to SACN’s thresholds (<25nmol/L and <50nmol/L, 
respectively).  Additionally, there is evidence of vitamin D insufficiency across a multitude of sports 
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including football (Hamilton et al., 2014), basketball (Stanforth et al., 2016), jockeys (Wilson et al., 
2012), ballet dancers (Wolman et al., 2013) and skiers (Lombardi et al., 2011).  
 
It is difficult to establish the risk of vitamin D deficiency within professional athletes, which is due to 
additional support that may be provided to these populations, such as professional nutrition advice 
(Owens et al., 2017). Moreover, professional athletes often attend training camps abroad to sun-
holiday destinations and thereby may considered not a true representative of their population unlike 
recreational or university athletes. An example of this is an English cohort of professional footballers 
presented with a high vitamin D status of 51nmol/L in December (Morton et al., 2012). Although, 
these professional footballers presented with a status of 104nmol/L in August, which is considerably 
higher than the average UK status for men and women (42.4 and 45.3nmol/L, respectively), according 
to the NDNS (Department of Health, 2016a). This could have been due to match-play or sun-holidays 
abroad during the summer months. Although, the researchers report that no participant travelled to 
southern destinations throughout the length of the study (August-May), which therefore accounts for 
this decline in 25(OH)D status.  
 
Latitude plays a vital role in the prediction of whether an athlete is susceptible to become vitamin D 
deficient (<25-30nmol/L) for part or most of the year. This is due to the lack of UVB exposure at 
higher latitudes (>40 ºN) specifically during the winter months, which prevents the formation of pre-
vitamin D3 in the skin. Collegiate taekwondo athletes residing at 37.6 ºN  presented with a low 
baseline status of 28.8nmol/L (Jung et al., 2018), following the improvements in vitamin D status 
(through the supplementation of 5000IU over 4-weeks) there were positive associations found between 
anaerobic peak power fitness and isokinetic knee extension. Furthermore, judoka collegiate athletes at 
52 ºN also  had a meagre vitamin D status of 33nmol/L during the winter (Wyon et al., 2014) which 
would be anticipated to fall further in the spring term due to a lack of UVB exposure.  
 
The status of athletes is also dependent upon the training environment for the sport, Halliday et al. 
(2011) reported that 60.6% of their 41 college athletes (12 indoor, 29 outdoor) during the winter 
months were ‘insufficient’ in accordance to their generous cut-off point of <80nmol/l, which was 
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based upon optimal levels suggested by the IOM (>75nmol/L; Ross et al., 2011). Indoor athletes had a 
significantly lower 25(OH)D concentration in autumn (99.6 nmol/l) when compared to outdoor 
athletes (133 nmol/l) at a latitude of 41.3ºS. An Australian cohort (31.9ºS) (Peeling et al. 2013) 
discussed that their indoor athletes had a significantly lower summertime 25(OH)D status than those 
that trained outdoors (90nmol/l vs 133nmol/l). Notably, 4.2% of their cohort were classed as 
‘deficient’ according to their cut-off point (<50nmol/l), although there was no description what this 
was based on. Another USA study investigating vitamin D status within university students was in 
agreement that indoor athletes were more likely to suffer from deficiency (defined as <50nmol/L) 
(Villacis et al., 2014a). Given the lack of scientific guidelines regarding what constitutes an ‘optimal’ 
vitamin D status in healthy adults, numerous studies state different cut-off values without sufficient 
rationale. Thus, the interpretation of results for current knowledge on vitamin D and sport is difficult 
as multiple definitions for vitamin D status are discussed. This could be attributed to the multiple 
world-wide recommendations for vitamin D suggesting different cut-off values, such as the Endocrine 
Society clinical practice guidelines defining vitamin D status should be above 75nmol/L. Whereas, 
within the UK there is no ‘optimal’ vitamin D level stated for general health and well-being. 
Consequently, systematic reviews have excluded studies due to this inconsistency, specifically for 
values that constitute vitamin D ‘deficiency’ (Morton et al., 2012).  
Conclusion 
Although there is much evidence relating to elite level athletes within the UK and their vitamin D 
status, there is insufficient information relating to collegiate athletes and their risk of vitamin D 
deficiency. Early findings from lower latitudes within the USA (Halliday et al., 2011; Villacis et al., 
2014b; Fitzgerald et al., 2015) would suggest that there is a significant need to promote more 
awareness of vitamin D insufficiency across the younger healthy populations within the UK, since 
vitamin D insufficiency is related to poor musculoskeletal health. Sport participation or physical 
activity should be encouraged to enable the establishment of a healthy lifestyle - thus ensuring the 
consolidation of bone mass during adulthood. It is also essential for the young adult recreational 
exerciser as there is a valuable ‘window’ of opportunity to improve BMD. This will help to alleviate 
the burden of the progressive bone loss that naturally occurs in later life, which if combined with an 
inadequate total BMD achieved during adolescence/ early adulthood will undoubtedly lead 
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to osteopenia and osteoporosis. Moreover, there is a lack of research  on dietary intake within this 
young adult cohort, particularly as micronutrients such as calcium and vitamin D are essential for bone 
health and a greater focus is needed from a university cohort within the northern hemisphere such as 
the UK, where university sport is thriving. Therefore, it is essential to maintain vitamin D status at an 
adequate level (>50nmol/L) year-round specifically when residing at a latitude where UVB exposure 
is negligible during the winter months. Moreover, awareness should be raised regarding the 
consequences of vitamin D deficiency for young and adult athletic populations. This is because it may 
not only play an important role in overall health but could also be a determining factor in athletic 
performance. 
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Key point summary 
 
1)  Physical activity and exercise are imperative for bone health across the life-cycle  
2)  Three particular types of physical activity that have been shown to be superior at enhancing 
bone strength are:   strength training, plyometric and high impact training  
3) Bone mineral density is dependent upon the nature of the sport that an individual participates 
in, from high impact loading sport such as gymnastics to non-loading sports such as 
swimming or aesthetic sports such as ballet. 
4)  Evidence from University-level athlete cohorts suggest they have an improved bone profile 
when contrasted to healthy or inactive University-level controls 
5)  Sport participation and physical activity should be encouraged to consolidate or even improve 
bone mass  
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Introduction 
Bone provides structural integrity to the human body, protects vital organs and facilitates muscular 
action. It is critical for bone to have extreme resilience in order to withstand the loads that are placed 
upon it on a daily basis (Walsh, 2015).   Physical activity is imperative for bone mineral density 
(BMD) accrual and maintenance across the life span.  Physical activity (or exercise) leads to bone 
adaptation mediated by the impact of ground-reaction forces and flexion of muscles that surround it. 
Therefore, the most effective method to improve BMD through physical activity involves high impact 
and resistance exercise. Moreover, an increase in 10% of total BMD through a change in lifestyle 
habits (such as an increase in physical activity) during early adulthood can potentially half the risk of 
an osteoporotic fracture in later life (Viljakainen, 2016).  
 
 Bone adaptations to mechanical loading 
Bone may appear to be inactive; however it is vastly adaptive in response to different methods of 
mechanical loading. Much research has been focussed upon bone adaptations to mechanical stress to 
predict the strength and integrity of long versus flat bones. The principle observation of bone meeting 
the force placed upon it was first discussed in the early 1800’s by Julius Wolff (Robling, et al., 2014, 
Applied Bone Physiology). In summary, the Law of Wolff discussed that we could mathematically 
determine the mechanical strain placed upon a bone that will cause it to react by forming or resorbing 
bone when required.  
 
The mechanical behaviour of bone is dependent upon the direction or magnitude of the load applied to 
it. This can be initiated through muscular contraction and ground-reaction forces generated by 
partaking in different modes of exercise (Santos, Elliott-Sale and Sale, 2017). There are three 
particular types of physical activity which prove more superior to other methods in enhancing bone 
strength. This includes strength training that incorporates large load volumes, plyometrics and high 
impact exercises such as jumping (Martyn-St James and Carroll, 2010; Gregov, C., Sala, 2014). 
Astronauts are a principal example of the importance of active loading upon bone. As space travel can 
account for an average of 1-1.5% of areal density lost every month during a long-duration spaceflight 
astronauts can experience a total bone loss of  10-15%  (Orwoll et al., 2013). Due to the negative 
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repercussions of space travel, the national aeronautics and space administration (NASA) have 
recommended the review of modifiable risk factors in astronauts such as optimising nutrition and 
exercise for health.   
 
Conversely, the effects of specific sport are also well known in athletic groups whom favour one limb 
more than the other, such as tennis players, were found to have a superior bone mass in their dominant 
arm and even higher muscular area and handgrip force (Ireland et al., 2013). Due to the non-weight 
bearing characteristics of particular sports, it can place the athlete at risk of lowered bone density. 
Athletes such as swimmers and cyclists are at risk of low bone mineral density (Mudd, Fornetti and 
Pivarnik, 2007) specifically due to the non-loading modality of these sports. Therefore, emphasis is 
placed upon promoting a strength and conditioning programme that incorporates strength training to 
actively load sites thereby compensating for the lack of loading their sport-specific training would 
provide.  
 
Bone health in university athletes 
Research on University athletes is predominantly within USA cohorts (Mudd, Fornetti and Pivarnik, 
2007) investigating high- (Taaffe and Marcus, 2004) or low-impact (Lee and Kim, 2015) sports in 
comparison to healthy controls. Few studies exist within European cohorts investigating the effects of 
a university competitive season and training upon bone mineral quality or density.   These are an 
important group to study since many will be at an age in which peak mass development is still on-
going and for others, they may be reflective of sports participants at a ‘recreational’ level.   This was 
reflected in a systematic review investigating the effects of high impact sports upon predictors of bone 
health. Gymnasts presented with a higher BMD in comparison to young adult controls (Jürimäe, 
Gruodyte-Raciene and G Baxter-Jones, 2018). Swimmers/divers whom are traditionally non-loading 
sports presented with a lower total body, lumbar spine and pelvis BMD when contrasted to a gymnast 
group within another female-only cohort of USA university athletes (Mudd, Fornetti and Pivarnik, 
2007). Their control student cohort had consistently lower BMD and bone mineral content (BMC) 
when contrasted to the athlete groups. Thereby, illustrating the importance of sport participation 
(including non-weight bearing sports) for musculoskeletal health. However, this study only examined 
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predictors of BMD and did not explore bone turnover markers throughout a season which could have 
been informative for the swimmer’s group. This would be of importance as a systematic review 
discussed swimming may be protective of bone mass when actually swimming may lower fracture risk 
in young adults, which is attributed to an increased bone turnover (Gómez-Bruton et al., 2013).  A 
large cohort (n=212) from the USA on female athletes partaking in a variety of different sports found 
that track athletes had significantly higher BMD at the pelvis and spine following DEXA scans 
(Stanforth et al., 2016). This is of particular interest as it illustrates the potential changes that may 
occur in BMD across a competitive season within collegiate female athletes. Converse to this, it has 
been discussed that university female athletes partaking in endurance sports-such as long-distance 
running-are at high risk of bone stress injury when contrasted to other collegiate sports (Tenforde et 
al., 2017). They also present with a lower BMD when contrasted to high impact sports, such as 
basketball, gymnastics and volleyball that incorporate high volumes of jumping during competition 
and training. These findings were also mirrored within professional endurance athlete populations 
(Klomsten Andersen et al., 2018). Although, endurance sports such as middle- and long-distance 
running present with a higher prevalence of Relative Energy Deficiency in Sport (RED-S) (Mountjoy 
et al., 2018), formally recognized as the female athlete triad  (Williams, Statuta and Austin, 
2017).Therefore, it could be a combination of lifestyle and overtraining that counteract the benefits of 
sport participation when reviewing  endurance athletes and bone health (Melin et al., 2015).   
 
Bone geometry has also been shown to improve as a result of regular physical activity. This was 
shown in a pQCT study assessing the tibial quality of over 200 female university athletes competing in 
a variety of different loading groups. The athletic group presented with a thicker cortical area at the 
distal end of the tibia and total area in the tibial shaft when contrasted to a student control cohort 
(Nikander et al., 2010).  Therefore, females competing within university sport are likely to protective 
of bone health. As regular sport participation has been shown to significantly improve bone quality 
and quantity when contrasted to inactive age-matched healthy controls (Fehling et al., 1995; Taaffe 
and Marcus, 2004; Egan et al., 2006). Therefore, more students should be encouraged to regularly 
partake in physical activity not limited to cardiovascular health and general well-being but, essentially 
for bone health maintenance during adulthood.  
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There is limited evidence using a male-only university-level athletic cohort. This could be attributed to 
the female athlete triad and other health concerns such as reduced energy intake which can have 
negative connotations to bone health in female athletes (Beals and Hill, 2006).  Of the few identified, 
male athletes participating in ‘heavy athletics’, team sports or trained sport students had a higher BMD 
than inactive controls and cyclists (Platen et al., 2010). This was also shown in a clinical review on 
bone health in young athletes there is a lack of literature on male cohorts at the recreational level 
(Tenforde et al., 2018). Professional and elite athletes also mirror the findings from collegiate studies; 
weight bearing athletes partaking in sports such as Karate and racket (Tervo, Nordström and 
Nordström, 2010) exhibit a higher BMD versus non-weight bearing sports such as water polo or 
inactive controls (Andreoli et al., 2001).  Therefore, BMD and BMC can be improved in male and 
female young adults as it is mirrored in previous research. Thus, university sport participation or 
physical activity should be encouraged within the UK for this population.  
Upon review of the current literature, the bone health and quality of university-level athletes is not 
dissimilar to their elite or professional peers. This is because bone density is largely dependent upon 
modifiable lifestyle factors specifically during the vital bone accrual years where physical activity 
plays an important role. Current research suggests that despite suspected limited support received for 
nutrition or coaching (often observed within a recreational athlete population) these athletes in fact 
mirror findings from studies in professional sport. This is because BMC/BMD is dependent upon the 
nature of the sport that an individual participates in, from an aesthetic sport such as ballet or long 
distance running to non-loading sports such as swimming. It could be attributed to a relatively active 
lifestyle during childhood (Larsen et al., 2018) and during the essential peak bone mass attainment 
years, specifically during puberty. It could also be attributed to an athlete’s dedication to their 
respective sport. Although the literature on university athletes fails to report their training history. 
Thereby distinguishing whether participating in sport is protective of bone or whether it is a product of 
an active lifestyle during childhood or adolescence.  
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Conclusion 
In conclusion, evidence from the literature suggests that university-level athletes have an improved 
bone profile when contrasted to healthy or inactive controls – the studies are mainly from USA cohorts 
but the implications of these bone benefits are likely to apply beyond this.  Furthermore, sport 
participation or physical activity should be encouraged to enable the establishment of a healthy 
lifestyle - thus ensuring the consolidation of bone mass during adulthood. It is also essential for the 
young adult recreational exerciser as there is a valuable ‘window’ of opportunity to improve BMD. 
This will help to alleviate the burden of the progressive bone loss that naturally occurs in later life, 
which in cases where an inadequate total BMD achieved during adolescence/ early adulthood will lead 
to osteopenia and osteoporosis. Finally, further research should focus upon university populations and 
their previous training history within their respective sport discipline. There is a lack of research for 
dietary intake within this young adult cohort, particularly as micronutrients such as calcium and 
vitamin D are essential for bone health and a much greater focus is needed from a university cohort 
within the northern hemisphere such as the UK, where university sport is thriving. 
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Figure 1. These images depict the difference between a healthy and osteoporotic bone, which is more 
porous. Taken from Cosman et al., 2014 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Image depicting the different tibial cross-sectional areas that can be obtained following 
pQCT scan. It also illustrates the differences between bone cross-sectional and muscular area of 
athletes and normal healthy adults. Taken from Rittweger et al., 2000. 
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ABSTRACT   
Vitamin-D deficiency has been commonly reported in elite athletes, but the vitamin-D status of UK 
university athletes in different training environments remains unknown. This study aimed to determine 
any seasonal changes in vitamin-D status among indoor and outdoor athletes, and whether there was 
any relationship between vitamin-D status and indices of physical performance and bone health. 47 
university athletes (indoor n 22, outdoor n 25) were tested during autumn and spring for serum 
vitamin-D status, bone health and physical performance parameters. Blood samples were analysed for 
serum 25-hydroxy vitamin-D status (s-25(OH)D). Peak isometric knee extensor torque using an 
isokinetic dynamometer and jump height. Aerobic capacity was estimated using the YO-YO 
intermittent test.  Peripheral Quantitative Computed Tomography scans measured radial bone mineral 
density. Statistical analyses were performed using appropriate parametric/non-parametric testing 
depending on the normality of the data. S-25(OH) D significantly fell between autumn (52.8 ± 22.0 
nmol/L) and spring (31.0 ± 16.5nmol/L, p <0.001). In spring, 43% of participants were considered to 
be vitamin-D deficient (<25nmol/L) accordingly to the revised 2016 UK guidelines. These data 
suggest that UK University athletes are at risk of vitamin-D deficiency. Thus, further research is 
warranted to investigate the concomitant effects of low vitamin-D status on health and performance 
outcomes in University athletes residing at northern latitudes.   
 
 
KEY WORDS: Vitamin-D, University Athletes, Bone, Muscle strength, Athletic Performance, 
Physiology 
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INTRODUCTION 
Interest in vitamin-D has risen significantly over recent years due to its numerous roles in human 
health and its potential role in athletic performance (7). An appropriate vitamin-D status is most 
commonly associated with skeletal health and the prevention of osteoporosis (1). The role of vitamin-
D in muscular strength and power is currently under much speculation. There is evidence to suggest 
vitamin-D can increase the sensitisation of calcium binding sites at the sarcoplasmic reticulum (2) and 
influence muscle growth and differentiation; in particular muscle type II fibres (20). Due to the 
presence of vitamin-D receptors (VDRs) within cardiac muscle and vascular tissues it is proposed that 
1,25(OH)D may have a positive influence upon maximal oxygen uptake (VO2MAX) (6). However, 
research into the use of vitamin-D as an ergogenic aid has demonstrated no improvements in muscular 
function (21) unless the participants presented with deficiency (<30nmol/L) (3) or severe deficiency 
(<12.5 nmol/L) (17). Due to the large heterogeneity of studies upon the aspects of physical 
performance, the ergogenic effects of vitamin-D remain unclear (7). It is well established that vitamin-
D has a significant influence upon bone health and mineralisation (3,9), although research examining 
vitamin-D and its association with bone mineral density (BMD) did not find any associations in 
athletic populations (20, 21). There is however, emerging evidence to suggest that a low vitamin-D 
status is associated with an increased risk of stress fractures in military recruits residing within the 
UK, USA and Finland (19, 22, 23). Given that university level athletes residing in the UK are likely to 
have low vitamin-D status, further investigation into their bone health is warranted.  
 
As UVB exposure is a primary source of vitamin-D (4), latitude plays a vital role in vitamin-D status 
individuals living above or below 40º of the equator are at risk of low vitamin-D status. Therefore, the 
UK population is unable to synthesize vitamin-D from mid-October to the beginning of April (5). 
Recent evidence has emerged that physically active populations are at risk of developing vitamin-D 
insufficiency (<50nmol/L) (7), similar to the UK population (8). One potential reason for this risk is 
that many highly active individuals and athletes spend large amounts of time indoors competing and 
training and therefore receive limited year-round sunlight exposure (4,5). This is supported by 
evidence from studies conducted at different latitudes, including Australia (9), USA (10, 11), Europe 
(12, 13) and the UK (14, 15). An Australian study (9) found that their elite indoor athletes had 
significantly lower vitamin-D status when contrasted to their outdoor groups (90 vs. 131nmol/L, 
respectively) suggesting that indoor athletes may be at increase susceptibility to vitamin-D deficiency 
in winter months.  
 
Although there is evidence relating to elite level athletes they receive adequate nutrition support, while 
university level/amateur athletes do not. There is also a lack of data on university level athletes, thus 
vitamin-D deficiency may be more prevalent in this population. Subsequently, the purpose of this 
study was therefore to examine the prevalence of vitamin-D deficiency in University-level athletes 
throughout a competitive season. A secondary aim was to evaluate the associations between vitamin-D 
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status on markers of bone health and physical performance in indoor and outdoor athletes. We 
hypothesized that University-level athletes would be vitamin-D insufficient in the spring term, with an 
adverse effect upon physical performance and predictors of bone health.  
 
METHODS 
 
Participants 
Forty-seven university-level athletes attending the University of Surrey (51.2ºN) were recruited into 
the study. Participants were included if they trained for ≥4 hours/week and competed in the national 
British Universities and Colleges Sports (BUCS) competition. Exclusion criteria were: BMI of 
<18kg/m2, the regular use of sun beds or sun holidays between October and February, the regular 
consumption of supplements containing vitamin-D or pregnancy. Informed written consent was 
obtained from participants.  This study was conducted according to the guidelines laid down in the 
Declaration of Helsinki and all procedures involving human subjects were approved by the University 
of Surrey Ethical Committee (UEC/2015/057). Written informed consent was obtained from all 
participants.   
 
Study Design 
This longitudinal observational study assessed vitamin-D status throughout a competitive BUCS 
season and assessed dietary intake, bone health and physical performance in autumn 
(October/November 2015) and spring (February/March 2016).  At baseline participants were requested 
to complete a health-screening questionnaire to assess their suitability for inclusion into the study. 
This included vitamin-D specific questions such as sun holidays, the daily intake of nutritional 
supplements and the regular use of sunbeds. Autumn and spring test periods consisted of three 
separate test days at baseline and post-observation (see Figure 1 for a study overview). Dietary intake 
was measured using a 5-day food diary, participants were instructed to include at least one weekend 
day. Diaries were analysed by the researcher using DietPlan6 (Forestfield Software Ltd, UK). 
Anthropometric Measurements 
Height was measured using a fixed stadiometer, body mass and composition were obtained using a 
Tanita Body Composition Analyser MC-180MA (Tanita Cooperatives, Japan) whilst participants 
stood on the device barefoot and wearing light clothing. 
 
Peripheral Quantitative Computed Tomography  
A Peripheral Quantitative Computed Tomography (pQCT) scan (XCT 2000L, Stratec Medizintechnik 
GmbH, Germany) was performed on the non-dominant radius to measure volumetric bone mineral 
density across the distal end (4%) and mid-shaft (66%). Radial length was determined as the distance 
(mm) from the styloid process to the olecranon. The non-dominant arm was identified by self-report 
from the participant.  
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Vitamin-D and PTH measurement 
Participants were instructed to visit the lab between 7:30-11:00 after an overnight fast (8 hours). 
Blood samples were collected into an EDTA tube (6 mL) and centrifuged at 1,300 g and 4°C for 10 
min. Serum blood (10mL) was kept at room temperature for an hour before centrifugation at 1,300 g 
and 22°C. Aliquots of plasma and serum were immediately frozen and stored at -20°C until analyses. 
Serum vitamin-D status was assessed using liquid chromatograph-tandem mass spectrometry (LC-
MS/MS) on a Waters Acuity TQD using a PFP column following supported liquid extraction (SLE). 
Plasma PTH was measured using intact PTH assays (Abbott Laboratories). Both measurements were 
undertaken in an accredited laboratory.  
 
Muscle strength and Jump Height 
Isometric knee extensor strength was assessed on an Isokinetic dynamometer (CSMI Humac Norm, 
Stoughton, MA). Participants completed a 5-minute warm up on a cycle ergometer (~75W) before 
being seated on the dynamometer with their non-dominant leg (also self-reported by the participant) 
secured at 90o knee flexion. Participants performed three 5-second maximal contractions separated by 
a 1-minute rest to determine knee extensor strength. Handgrip (HG) dynamometry was measured for 
the non-dominant arm, using a Takei Digital dynamometer (5401 Takei Scientific Instruments Co. 
Japan) the test was repeated three times consecutively. Participants completed three counter movement 
jumps (CMJ) (Optojump, Microgate Co., NY) with hands on hips, separated by a 2-minute rest. The 
peak results for isometric strength, HG and CMJ of the three were used for further analysis. 
 
Aerobic Fitness 
Aerobic fitness (AF) was measured using a standardized Yo-Yo Intermittent Recovery Test Level 1 
(25). Participants performed two 20m shuttles runs at increasing speeds, interspersed with 10 second 
period of active recovery, controlled by signals from an audio device.  Participants ran until voluntary 
exhaustion or were instructed to stop the test when they were unable to maintain the speed (failed to 
meet the line in sync with the audio signal on two separate occasions). The distance covered at that 
point was recorded as the test result. 
 
Statistical Analysis 
All statistical analysis was performed using SPSS software (Version 24; SPSS Inc., Chicago, 2019).  
Data were checked for normality using Shapiro-Wilkinson test. Paired and independent t-tests or the 
non-parametric equivalent were conducted on this dataset. Associations between variables were 
examined using Pearson or Spearman correlation co-efficients. Significance was set at p 0.05.  
 
RESULTS 
 
Participant Characteristics 
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 47 participants (16 women and 31 men) were tested in autumn and spring (Table 1). Athletes 
competed in a range of sports, those who participated in basketball, cheerleading, mixed martial arts, 
rowing, squash, swimming, table tennis (n=22) were classified as indoor athletes. Athletes who 
participated in athletics, American football, football, hockey, lacrosse, rugby, triathlon and ultimate 
frisbee (n=25) were classified as outdoor athletes.  
 
Vitamin-D Status and PTH 
Serum vitamin-D status for the entire population decreased from 56.1±23.3nmol/L in autumn to 
31.0±16.5nmol/L in spring (p <0.001) (Figures 2, 3). During autumn, 43% (n 20) of the University 
athletes had an insufficient (50nmol/L) vitamin-D status with 7% classified as deficient (25nmol/L, 
n 4) according to the UK current guidelines (31) in autumn. Vitamin-D status further decreased in the 
course of our study with 79% (n 37) of participants insufficient and 43% (n 20) deficient at the spring 
measurement. Moreover, 6 of our athletes had a ‘severe deficiency’ status (<12.5 nmol/L; 32). PTH 
values are reported in Table 2, there was a significant negative association between PTH and vitamin-
D status in the combined groups and indoor groups. A significant negative association was only 
observed in the outdoor group during the spring term, all other associations are presented in Table 3.  
Dietary Intake 
Dietary analysis illustrated that participants did not meet current UK dietary reference intake (10g/d) 
(31) for vitamin-D with a mean intake of 2.7±2.3 and 3.2±3.3g/d during autumn and spring, 
respectively. Although Pearson correlations revealed no association between vitamin-D status and 
intake. Calcium intake was adequate during the winter term for both athlete groups as they exceeded 
the current recommendations of 700mg/d (35). However, during the spring term there was a 
significant decline in calcium consumption for the outdoor (814.2±198.0mg/d) and indoor groups 
(678.3± 233.5 mg/d) p=0.031.  
 
Bone Health Indices 
Indoor athletes exhibited a significantly lower cortical area and trabecular density compared to their 
outdoor counterparts in autumn (Table 2), although it did not approach significance during spring. The 
indoor group elicited a lowered bone mineral content and density at both time-points at the distal (4%) 
and proximal (66%) radius. Bone mineral content and density at either distal or proximal sites were 
not associated with vitamin-D status within the combined group. However, vitamin-D was associated 
with total area at the proximal site in the indoor group during spring (r=0.532, p=0.007). When 
correcting for height and weight, results were no longer significant (r=0.336, p=0.126), thereby 
controlling for weight bearing sports. In addition to this cortical density increased significantly in 
spring by 20.2mg/cm3 in the combined group from autumn to spring(p=0.010).  
 
Physical Performance 
Aspects of physical performance did not improve with training and competition between seasonal time 
points. Indoor athletes’ self-reported training hours were consistently higher than their outdoor 
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counterparts in autumn (7.3 ± 3.0h versus 5.8 ± 3.3h) and spring (7.1 ± 4.2h versus 5.2 ± 2.4h) 
(p=0.018). There were no differences between indoor and outdoor athletes exhibited in AF during the 
autumn (p=0.614) and spring (p=0.128) terms. Peak knee extensor isometric strength was higher in the 
outdoor athletes during both the spring (p=0.023) and the autumn (p=0.044).  HG strength did not 
differ between outdoor athletes during both seasons (p=0.135 and 0.186). There were no changes 
observed between seasons for jump height.   
 
When controlling for height, weight and FFM there was a positive association between isometric knee 
strength and AF in all athletes during the autumn term; r=0.378, p=0.008; r=0.391, p=0.011, 
respectively. This was not observed during the spring. HG strength and vitamin-D status (r=0.332, 
p=0.039) were positively associated during spring for the entire cohort. There was a positive 
association for the outdoor group between vitamin-D status, AF (r=0.563, p=0.019 and CMJ (r=0.544, 
p=0.024) during the autumn measurement only. None of the physical performance parameters were 
associated with vitamin-D status during both seasons in the indoor group. 
 
Discussion 
The aim of this study was to investigate vitamin-D status in UK University-level athletes and whether 
this was related to markers of performance. We found that vitamin-D status decreased significantly 
from autumn to spring and that there were no differences between outdoor and indoor athletes (Table 
1).  Vitamin-D intake was also minimal during the autumn (2.9µg/d) and spring (3.2µg/d). Seasons did 
not have an effect upon predictors of upper and lower body strength-related measurements, power and 
AF. We observed associations between vitamin-D status, aspects of physical performance and AF, this 
was however only observed within the outdoor group. Granted, a limitation to this study is the use of 
the Yo-Yo intermittent recovery test to predict AF. However, the athletes recruited were 
predominantly team sport therefore, the researchers regarded it more applicable to utilise this method 
due to the intermittent nature of their sports (26). 
 
Insufficient vitamin-D status is common within Europe (8), especially  within the professional athletic 
community (7). Reduced vitamin-D availability can have serious health implications to bone and 
muscular function (2, 26). There is adequate data regarding the vitamin-D status of university athletes 
at varying latitudes within the USA (10, 11, 27, 28) but little evidence regarding the UK. To our 
knowledge, this is the first study to determine the relationship between seasonal vitamin-D status, 
bone health and exercise performance within UK-dwelling university athletes.   
 
Our results show that UK athletes are at risk of vitamin-D deficiency (<25nmol/L) as 43% of our 
participants were deficient in spring and 79% were classified as insufficient (<50nmol/L).  This 
prevalence of vitamin-D deficiency / insufficiency far exceeds that reported in the USA (12, 34, 35). 
We observed a significant decline in vitamin-D status from autumn to spring in agreement with 
Peeling et al. (9). However, vitamin-D status was consistently higher in their Australian based athletes: 
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122, 105 and 75 nmol/L in fall, spring and winter, respectively compared to our cohort. Similarly 
others have reported higher vitamin-D status in USA (122 nmol/L;10) (100.1nmol/L;11) (11), Greek 
(86-118nmol/L)(12) and Irish athletes (76.5nmol/L) (29) . These higher statuses could be attributed to 
the geographical latitudes of these four studies; 41°N (10), 34°N (11), 31°S (11) and 36°N (12). 
Converse to our findings, a higher baseline vitamin-D status within the Irish cohort is likely due to 
almost 25% of their athletes reporting they take vitamin-D supplements. Moreover, 43 of their athletes 
reported equatorial travel and a further 15 reported the regular use of sun beds, which play a vital role 
in the synthesis of pre-vitamin-D3 (4).  
Despite the significant decline in vitamin-D status from autumn to spring, vitamin-D intake did not 
differ (2.7±2.3 and 3.2±3.3 μg/d, respectively) across the seasons and are representative of a UK 
population (30). As the data was collected in the spring of 2016 this provides a novel insight into the 
vitamin-D intake of a young adult cohort before vitamin-D made popular headlines. Thus, supporting 
the changes issued by the department of health for a higher recommended intake for adults (31). 
Therefore, inadequate UVB exposure during wintertime and an unbalanced diet could be the driving 
force for a borderline deficient vitamin-D status of 31 nmol/L in spring. Our dietary intake results are 
low in contrast to other studies whom reported higher vitamin-D statuses (10). These were however 
likely to be the result of food fortification (e.g. milk and cereal) programmes (35). Calcium intake fell 
below current recommendations of 700mg/d (34) within the indoor group during the spring. This 
could be a contributing factor to a significantly lower proximal BMD and trabecular BMD observed in 
the indoor group during the spring versus the outdoor group (381.2±53.9 vs.339.4 ±53.5 mm3). PTH 
was also notably higher in the indoor group during the spring (7.0±5.1 vs. 5.5±2.2 pmol/L). 
 
This observational study demonstrated that there is a potential relationship between vitamin-D and 
predictors of physical performance. This is reflected by the findings in autumn for knee extensor 
strength (r=0.378) and AF (r=0.391) and is supported by previous literature (39). Despite the 
significant decline in vitamin-D status across the seasons, HG strength (r=0.385) was the only 
measurement to be associated with vitamin-D. This is in accordance with other studies regarding the 
relationship between vitamin-D and physical performance (40). However, muscular strength did not 
change across the seasons and concurs with findings from Close et al. (2013) (14). Parallel to this, 
there was no improvement in physical parameters following supplementation in Irish university Gaelic 
footballers (36) with a lower mean vitamin-D status than our baseline and the previous authors at 47.4 
and 43.1 nmol/L for their intervention and placebo groups, respectively. Although we did not 
supplement our cohort with vitamin-D it is still comparative for baseline measurements, specifically as 
both aforementioned were the only UK-based cohorts to our knowledge in this young adult 
population. Training was not controlled for as this is challenging to do so within this group as their 
training is individual-determined. Which, is reflected in previous research for university athletes (10; 
11; 28).   
 
CONCLUSIONS 
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In conclusion, we provide clear data to show that non-supplemented UK university athletes are at 
significantly increased risk of vitamin-D deficiency, with prevalence of the ‘deficiency’ threshold for 
vitamin D recently set by SACN being 7% in the autumn and 43% in spring.   To our knowledge, this 
is the first longitudinal observational study on UK University athletes.  This thereby highlights the 
need of the importance of an adequate diet, sunlight exposure and the potential requirement for 
wintertime supplementation in the prevention of vitamin-D deficiency in young adults. Our findings of 
a link between low vitamin-D status and physical performance during the autumn term is of interest 
and certainly warrants further investigation.   
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Table 1. Participant Characteristics and Physical Parameters 
 
    
  
Autumn 
 
Spring 
 Outdoor 
(n 22) 
Indoor 2 
(n 25) 
Combined 
(n 47) 
Outdoor4 
(n 22)  
Indoor 2 
(n 25)  
Combined 3,4 
(n 47)  
       
Age (y)† 21.0±1.8 20.0±1.4 20.4±1.6    
BMI (kg/m2) 25.4±3.4 23.3±2.7* 24.2±3.2 25.7±3.8 23.5±2.9 σ 24.5±3.5 
Body Fat (%) 19.7±6.9 19.5±6.4 19.6±6.5 20.6±6.5* 20.1±6.5 20.3±6.4 ‡†† 
FFM (kg) 64.8±9.5 58.4±12.2* 61.0±11.5 63.5±10.6* 57.5±10.9 60.3±11.1† 
Training (h)† # 5.8±3.3 7.3±2.9* 6.7±3.1 5.2±2.4 7.14±4.2 6.2±3.6 
       
Vit D intake (g/d) †# 3.3±2.5 2.2±2.0 2.7±2.3 4.4±5.0 2.4±1.6 3.2±3.3 
Ca intake (mg/d) † 1022.4±370.6 932.9±493.7  976.5±434.7 814.2±198.0*  678.3±233.5 729.3±224.5† 
s-25(OH)D status (nmol/L)  54.3±25.3 57.7±22.0 56.1±23.3 31.0±17.5* 31.0±16.1 31.0±16.5‡†† 
PTH (pmol/L) †# 6.6±3.2 6.5±4.3 6.5±3.8 5.5±2.2 7.0±5.1 6.4±4.1 
       
Knee Extensor Strength (nM)  259.5±51.8 245.1±99.0* 251.1±82.2 276.4±71.2 234.8±6 1.8σ  254.6±68.9 
Handgrip (kg) 42.0±10.3 37.0±10.6 39.1±10.7 41.2±11.6 36.9±10.2 38.9±11.0 
CMJ (cm) † 31.8±8.4 29.5±9.4 30.5±8.6 33.7±7.3 32.2±7.6 32.8±7.4 
VO2MAX (ml/kg/min-1) † 4.3±0.3 4.3±0.3 4.3±0.3 4.4±2.2 4.2±0.3 4.3±0.3 
       
       
 
† Not normally distributed in Autumn. # Not normally distributed in Spring. 
Values are presented as mean ± SD.  
BMI: body mass index; FFM: fat free mass; s-25(OH)D: serum vitamin-D status; Hb: Haemoglobin; Vit D: vitamin-D; Ca: Calcium intake from self-reported 5-day food diary; 
25(OH)D: 25-hydroxyvitamin-D; PTH: parathyroid hormone; CMJ: Counter movement jump. 
2 Statistical analysis: Independent t-test/ Mann-Whitney U test between indoor and outdoor athletes during autumn and spring (*p<0.05). 
3 Statistical analysis: Paired t-test / Wilcoxon rank test: combined (†p<0.05; †† p<0.001) 
4 Statistical analysis: Paired t-test / Wilcoxon rank test: α between outdoor athletes (p<0.05); ‡ between indoor athletes (p<0.05) 
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Table 2. Bone Parameters 
 
   
 Autumn Spring 
 
Outdoor 
(n 22) 
Indoor 2 
(n 25) 
Combined 
(n 47) 
Outdoor 
(n 22) 
Indoor2 
(n 25) 
Combined3,4 
(n 47) 
4% Radius 
 
   
 
  
BMC (g/cm) 1.51±0.3 1.30±0.3 1.40±0.3 1.50±0.3 1.34±0.3 1.42±0.3 
Total CSA (mm2) # 411.6±82.5 403.0±115.3 407.0±100.6 406.5±81.4 397.9±96.0 401.9±88.6 
BMD (mm3) 375.1±59.0 331.0±55.4 354.3±62.1 381.2±53.9 339.4±53.5 358.9±57.2 
Trab vBMD (mg/cm3) † 255.5±76.1 228.4±57.8* 241.1±67.6 253.5±54.9 221.4±52.8 236.4±55.6 
       
66% Radius 
 
   
 
  
BMC (g/cm) †# 1.3±0.5 1.2±0.4 1.3±0.5 1.5±0.7 1.5±0.8 1.5±0.7 
Total CSA (mm2) †# 215.8±107.0 188.9±111.2 201.2±108.9 249.3±140.1 250.6±180.6 278.0±249.1 
BMD (mm3) #    629.7±94.2 638.6±130.6 634.4±113.9 610.0±162.7 663.2±91.0 638.2±130.8 
Crt CSA (mm2) †# 80.8±29.5 79.4±29.0* 80.0±28.9 109.2±52.2  92.0±33.6 100.0±43.7 *α 
Crt vBMD(mg/cm3) †# 1044.1±63.1 1055.8±74.2 1050.4±68.7 1065.8±38.4 1074.9±61.9 1070.6±51.9  
       
SSI (mm2) †# 414.7±379.4 315.6±173.1 362.0±289.6 529.0±594.4 432.9±521.8 486.3±554.4 
       
       
 
† Not normally distributed in Autumn. # Not normally distributed in Spring. 
Values are presented as mean ± SD.  
BMC: bone mineral content; BMD: bone mineral density; CSA: cross-sectional area; Trab: Trabecular; Crt: cortical; vBMD: volumetric bone mineral density; SSI: strength strain index.   
2 Statistical analysis: Independent t-test/ Mann-Whitney U test between indoor and outdoor athletes during autumn and spring (*p<0.05). 
3 Statistical analysis: Paired t-test / Wilcoxon rank test: combined (†p<0.05) 
4 Statistical analysis: Paired t-test / Wilcoxon rank test: α between outdoor athletes (p<0.05); ‡ between indoor athletes (p<0.05 
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Table 3: Correlations between vitamin-D status, intake, PTH and performance parameters  
 
 
 
 
 
 
† Not normally distributed in Autumn. # Not normally distributed in Spring. *Partial correlations controlling for height, weight and BMI 
PTH: parathyroid hormone; CMJ: Counter movement jump; VO2MAX: aerobic fitness 
 
  
      
 Autumn            Spring 
 Outdoor Indoor Combined Outdoor Indoor Combined 
 r p r p r p r p r p r p 
             
Vitamin D intake (g/d) †# -.054 .827 -0.71 .772 -.089 .596 -.356 .489 .194 .591 -.241 .368 
PTH (pmol/L) †# -.215 .314 -.423 .016 -.334 0.012 -.577 .012 -.527 .008 -.488 0.001 
Knee Extensor Strength (nM)* .103 .684 .467 .014 .378 .008 .293 .382 .182 .442 .102 .565 
Handgrip (kg)* .243 .330 .219 .272 .143 .333 .513 .088 .488 .025 .385 .021 
CMJ (cm) †* .544 .024 .033 .879 .115 .456 .439 .469 .092 .724 .166 .428 
VO2MAX (ml/kg/min-1) †* .563 .019 .225 .314 .391 .011 .294 .632 .231 .372 .276 .182 
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 1 
Figure 1: Schematic diagram of study design 2 
 3 
 4 
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Figure 2. Line graph illustrating the individual variation of 25(OH)D concentrations in university-level 
athletes assessed in autumn (n=47) and spring (n=47).  25(OH)D status of <30nmol/L are considered 
deficient (horizontal dashed line). 25(OH)D status of >50nmol/L are considered sufficient (horizontal 
bold line).  
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Figure 3. Box plots illustrating the distribution of 25(OH)D concentrations in outdoor and indoor 2 
University-level athletes throughout a competitive sporting season.  Central vertical line in box plot 3 
indicates mean values of participants during autumn and spring. 25(OH)D status of <25nmol/L are 4 
considered deficient (horizontal dashed line). 25(OH)D status of >50nmol/L are considered sufficient 5 
(horizontal bold line). * p <0.05 between seasons. 6 
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ABSTRACT 
Research into the potential ergogenic effects of vitamin D (vitD) has become increasingly popular. 
However, there has been little investigation amongst non-supplemented university athletes and 
students residing at a higher latitude, which could be considered more representative of the UK 
population.   This study aimed to investigate the effects of vitD status on physical performance in UK-
dwelling university athletes and sedentary students. A total of 34 athletes and 16 sedentary controls 
from the University of Surrey (51ºN) were observed during spring (Feb-March) and summer (May-
June) 2018. Serum vitD and sunlight exposure were assessed using LC-MS/MS and dosimetry, 
respectively. Muscular strength of the upper and lower body was assessed using handgrip and peak 
isometric knee extensor torque (KET).  Jump height (JH) and aerobic fitness were measured using an 
Optojump and VO2MAX test, respectively. Statistical analysis was performed using paired/ independent 
t-tests and Pearson correlations. VitD status increased significantly over the seasons, with athletes 
measuring higher concentrations both in spring (51.720.5 vs. 37.218.9 nmol/L, p=0.03) and 
summer (66.715.8 vs 55.618.8 nmol/L, p=0.04) when compared to controls, respectively. Subjects 
with insufficient (<50nmol/L) vitD concentrations elicited significantly lower JH when contrasted to 
the sufficient group (28.9 ± 8.7 vs. 36.1 ± 7.7cm; p= 0.055) and lower aerobic fitness (40.8 ± 10.7 vs. 
47.6 ± 9.1 ml/kg/min-1; p=0.05) in the spring. This was also found in the summer for JH (26.4 ± 7.7 
vs. 32.4 ± 9.0cm; p=0.051) and fitness (40.8 ± 10.7 vs. 47.6 ± 9.1 ml/kg/min-1; p=0.012). Pooled data 
showed a correlation between vitD status and muscular power (r=0.502, p=0.015).  VitD status was 
shown to negatively impact JH and aerobic fitness in both university-level athletes and sedentary 
controls. Therefore, insufficient vitD status may not only play an important role in overall health but 
could also be a determining factor in athletic performance. 
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INTRODUCTION 
Research in vitamin D has increased in recent research, this is attributed to its multiple roles in human 
health, from musculoskeletal to immunity and sporting performance (Owens, Allison and Close, 
2018). Moreover, interest in vitamin D supplementation and deficiency has increased greatly within 
the sport science community. This could be attributed to the recent advances indicating that vitamin D 
supplementation or the correction of vitamin D status could potentially improve sporting performance 
(Dahlquist, Dieter and Koehle, 2015). Although, due to the large heterogeneity in research the effects 
of Vitamin D status and supplementation on sport performance remains unclear. 
 
Vitamin D is a unique pro-hormone and is not considered a “vital amine” as our primary source is 
through subcutaneous exposure to ultraviolet B radiation (UVB). This irradiation induces the 
photolysis of 7-dehydrocholesterol within the skin to form pre-vitaminD3 (or pre-cholecalciferol) 
resulting in the formation of circulating vitamin D3 (cholecalciferol). Cholecalciferol is further 
hydroxylated to form the stable metabolite 25-hydroxyvitaminD (25(OH)D) which is most commonly 
measured in vitamin D research due to its stability and relatively longer half-life (28 days).  
 
Variables which may negatively influence vitamin D status within healthy individuals includes 
ethnicity, geographical location and seasonality (Webb, Kline and Holick, 1988). An increased 
melanin pigmentation can reduce the efficiency of cutaneous production of pre-vitamin D3. 
Geographical location and season also play a significant role in vitamin D synthesis as was shown 
during the 20th century when children presented with higher incidences of rickets during the winter 
and spring when compared to summer and autumn months. This was evaluated in a cross-site study at 
3 different latitudes which found that the zenith angle of the sun increased in the spring and autumn 
photosynthesis of pre-vitamin D3 (Webb, Kline and Holick, 1988). Within the UK the production of 
pre-vitamin D only occurs between April and September from 11am-3pm (Wacker and Holick, 2013). 
Therefore, those that spend the majority of their day indoors are susceptible to year-round vitamin D 
insufficiency. Deficiency can be defined as a 25(OH) D status of <25nmol/L within the UK 
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(Department of Health, 2016), sufficiency is considered to be >50nmol/L although many believe 
optimal health is above 75nmol/L (Heaney, 2013).  
 
Due to its influences upon calcium homeostasis, the specific effects of vitamin D may exert indirect 
effects upon muscular function through the intricate muscle function pathways. Animal studies, such 
as the use of the vitamin D receptor knockout mouse (VDRKO) suggest that vitamin D plays a role in 
muscular contraction and strength (Girgis et al., 2013, 2014). These findings are in agreement with 
literature on vitamin D and muscular function in the elderly, participants whom suffered from a higher 
incidence of falls often presented with a lowered or deficient 25(OH) D status (Murad et al., 2011).  
Supplementation of vitamin D has also been reported to increase muscle fibre size in mobility-limited 
elderly women (Ceglia et al., 2013). Although within a sporting population vitamin D 
supplementation does not improve muscular strength, despite correcting serum vitamin D levels. This 
remained true even when elevated to a superior status of 120nmol/L (Owens et al., 2014) . An in vivo 
study from the same group demonstrated that vitamin D supplementation may benefit muscle 
recovery, regeneration and even hypertrophy (Owens et al., 2015), which could have important 
implications upon sporting performance. However, there is limited evidence whether there are indeed 
vitamin D receptors in human muscle cells as research focusses upon in vitro or animal models and is 
conflicted in human trials (Girgis et al., 2014).  
 
Parallel to studies investigating the effects of supplementation of vitamin D on muscular performance, 
repletion of vitamin D status to sufficiency could potentially correct myalgia (muscle pain) commonly 
associated with osteomalacia, although the mechanism behind this remains unknown it is suggested 
that the interrelationship between lowered calcium concentration, high levels of parathyroid hormone 
(PTH) and vitamin D deficiency contribute to myalgia (Al-Said, Al-Rached and Al-Qahtani, 2009). It 
could also potentially reduce the risk of sarcopenia (decline in muscle mass and strength with ageing), 
which is also associated with vitamin D deficiency and higher concentrations of PTH (Visser, Deeg 
and Lips, 2003). Although when exclusively focussing upon the ergogenic effects of vitamin D 
supplementation in professional athletes there is conflicting evidence on predictors of upper- and 
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lower body strength and power, specifically due to heterogeneity across these studies (Farrokhyar et 
al., 2015). 14 out of the 23 studies identified were also based at lower latitudes of <40°N (Farrokhyar 
et al., 2015). Moreover, there is little research amongst recreational or non-professional athletes (such 
as university level athletes) residing at higher latitudes. In addition to this there has been little 
investigation into a free-living university student cohort residing within the UK.  
 
The primary purpose of this study was to determine the effects of regular university sport training on 
the relationship between vitamin D status and physical performance in young active adults. The 
secondary aim was to measure the effects of a seasonal change in vitamin D status on health and 
measurements of aerobic performance, strength and jump height in university students. We 
hypothesized that athletes and controls alike will have a sub-optimal (<50nmol/L) vitamin D status 
during the spring thereby adversely affecting physical performance and aerobic capacity.  
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METHODS 
Subjects & Protocol 
Physically healthy male and female university students and athletes were included into this 
observational study recruited through the University of Surrey (51.2ºN). Athletes were considered 
eligible if they were a competitive member of a university sports team, Caucasian, aged 18-30 years 
and had a BMI of >18 kg/m2. Healthy inactive controls were included if they were aged 18-30 years, 
healthy BMI (18-30kg/m2), Caucasian and did not exercise for more than 150 minutes/week. Potential 
participants were excluded if they used sun beds, vitamin D supplements or were planning a sun 
holiday during the study (February-June 2018). All participants were required to complete a health 
screening questionnaire to control for medical conditions/medication use that were likely to affect 
vitamin D metabolism such as hypercalcaemia or anti-epileptic drugs (Gröber and Kisters, 2012). A 
total of 50 participants (n= 24 males, n= 26 females) were included, 34 (n=18 male, n=16 female) 
were university athletes competing in rowing, basketball, cycling, racket sports, rugby, swimming, 
triathlon and other. The remaining 16 participants were recruited as controls (n= 6 male, n= 10 
female).  
This observational study assessed vitamin D status, dietary intake and physical performance from 
spring (February/ March 2018) to summer (May/ June 2018) over the course of a competitive sporting 
season (BUCS) at the University of Surrey. Ethical approval for the study was provided by the 
national Health Research Authority (HRA).  
Test periods consisted of two separate test days, which were performed in the same order at baseline 
(spring) and the second visit (summer). On day one participants provided written informed consent, 
after which they provided a fasted blood sample and conducted upper and lower body muscular 
strength assessments, as shown in Figure 1. On the second day participants attended the lab and 
completed an assessment of jump height and aerobic fitness. Self-reported 5-day food diaries were 
also collected to assess average calcium and vitamin D intake. Dosimeters were also collected during 
the second study day to measure sunlight exposure. Sunlight exposure was measured through the use 
of UVB dosimetry using badges composed of a polysulphone film. For the measurement of UV 
exposure, the badges were read at 330nm on a spectrophotometer (Thermo- Scientific Evolution, 
Fisher Scientific) prior to and after use. The participants were instructed to wear these personal 
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dosimeter badges on their outdoor clothing for 5 days.  To detect the amount of UV light the 
participant would habitually be subjected to during their daily routine the badges were thereby 
translated to standard erythemal dose (SED) measurements using the following mathematical formula:  
 
SED = 10.7 [∆A330] + 14.3 [∆A330]2 – 26.4 [∆A330]3 + 89.1 [∆A330]4 
 
Where ∆A330 is the change in the absorbance of the film badge from pre-to post-UVB exposure 
(Darling et al., 2013). 
For blood collection, participants were instructed to visit the lab after an overnight fast (8 hours). 
Blood was collected from the anti-cubital vein, plasma (6 mL) in EDTA containing tubes and 
centrifuged at 1,300 g and 4°C for 10 min and serum (10mL) was kept at room temperature to clot for 
an hour before centrifugation at 1,300 g and 22°C. Aliquots of plasma and serum were frozen and 
stored at -20°C until analyses using liquid chromatograph-tandem mass spectrometry (LC-MS/MS) to 
measure 25(OH)D using a Waters Acuity TQD using PFP column following supported liquid 
extraction (SLE).  
 
Dual-energy x-ray absorptiometry (DEXA; Hologic QDR, Hologic Inc., USA) scanning was used to 
assess body composition. Participants were instructed to abstain from vigorous or moderate physical 
activity 24 hours before the scan, wear light clothing and remove any items containing reflective or 
metallic material before the scan. Participants were encouraged to wear the same items of clothing 
during both measurements in the spring and summer term. 
 
Physical Performance 
Muscle strength of the upper body was assessed using a hand grip dynamometer (5401 Takei 
Scientific Instruments Co. Japan). Participants were instructed to hold the dynamometer in their 
dominant hand whilst standing and to hold the instrument above their heads and squeeze whilst 
returning their arm to their hip with fully extended elbow. This was repeated three times 
consecutively, the highest reading from the attempts has been reported (kg).  
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Participants were asked to complete 3 countermovement jumps separated by a minute’s rest using an 
Optojump (Microgate Co., NY). Participants were instructed to complete a vertical jump for 
familiarisation and to ensure the correct technique was performed. Jump technique was from a 
standing position with hands on hips. 
 
Isometric torque of the knee extensor muscles was assessed on an isokinetic dynamometer (CSMI 
Humac Norm, Stoughton, MA). Participants completed a 5-min warm up on a cycle ergometer 
(~75W) before being seated on the isokinetic dynamometer with their non-dominant leg secured at 
90o knee flexion. The non-dominant leg was identified by the participant as the leg they do not strike 
off first when walking from a standstill position. Participants were instructed to perform 3 sub-
maximal contractions (25, 50 and 75% of maximal load) separated by a 30 second rest to familiarise 
them with the equipment. Peak isometric knee extensor torque (KET) was measured through 3, 5-
second maximal contractions separated by 1 minute rest. KET was determined from the highest peak 
torque, the highest torque (Nm) of all 3 maximal contractions is reported.  
 
Aerobic fitness was tested using a VO2MAX exercise protocol using a stationary cycle ergometer 
(Monark LC6 Novo, Monark Sweden), the test consisted of progressive increments in cycling 
workload until volitional fatigue. Athletes warmed up at a set power output of 100W for females and 
125W males for 3 minutes before commencing a ramp test with an increment of 25W/ minute at 
>70rpm. Controls warmed up at a lower power output of 75W for females and 100W for males at a 
set time of 3 minutes before the 25W/minute increments commenced, also at a cadence of >70rpm. 
VO2MAX was determined using a Vyntus CPX (Vyaire medical inc.) metabolic cart. All participants 
wore a heart rate strap to monitor and measure maximal heart rate (Polar T31, Polar Electro). Once 
participants reached maximal exertion or could not maintain a cadence above 60rpm despite verbal 
encouragement the test was stopped immediately and they were instructed to continue cycling for a 
cool down of 3 minutes at 75W.  
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Statistical Analysis 
All statistical analysis was performed using SPSS (Version 24; SPSS Inc., Chicago, 2018). Data were 
checked for normality using Shapiro-Wilk’s. Paired and independent t-tests or the non-parametric 
equivalents were carried out on this dataset. Correlations were examined using Pearson or Spearman, 
otherwise the non-parametric equivalent was used. Significance was set at p≤0.05.   
 
RESULTS 
Subject Characteristics 
Athletes were younger (20.81.9y vs. 24.84.2y, p<0.001) than the control population. University 
athletes and controls (23.22.3 vs 24.14.2 kg/m2, respectively, p=0.210, Table 1) had a healthy BMI. 
Athletes exhibited a lower body fat percentage when compared to their control counterparts 
(21.56.9% vs. 28.26.7%, respectively; p=0.003) and lean body mass did not differ between groups 
(56.011.2 vs. 49.811.6 kg; p=0.09).   
 
Vitamin D Intake, Status & Sunlight Exposure 
Vitamin D status increased significantly from 46.7±20.9 in spring to 63.1±17.3 nmol/L in summer 
(p<0.001) for the combined groups, as presented in table 1. 25(OH) D concentrations were higher in 
athletes both in the spring (51.720.5 vs. 37.218.9, p=0.03) and summer (66.715.8 vs 55.618.8, 
p=0.04). The individual variation of vitamin D status between the groups throughout the seasons is 
presented in figure 2. During the summer term 26% (n=13, n=5 or 40% athletes; n=8 or 60% controls) 
of the cohort had an insufficient vitamin D status (<50nmol/L) despite an increase in SED from 1.2 to 
7.4 (p=0.02) for both groups combined.  5 of which were from the athlete group and the remainder 
were controls, this could be explained by a consistently lower subcutaneous exposure when contrasted 
to the athletic group in spring (0.8 vs. 1.4 SED; p=0.08) and summer (9.1 vs. 6.8 SED; p=0.76) term. 
In addition to this 15% (n=5) of the athletes and 31% (n=5) of controls were found to be deficient 
(<25nmol/L) in spring. During the summer term, there were no deficiency levels detected.  
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Dietary analysis revealed that our cohort did not meet the current UK recommendations for vitamin D 
(10 µg/d, (Department of Health, 2016)). In the athlete group dietary analysis revealed a mean intake 
of 3.02.5µg/d, whereas the control group reported an intake of 3.92.9µg/d during the spring. 
Dietary analysis during the summer term revealed that vitamin D intake had decreased within the 
athlete group to 2.72.3µg/d, although the control group were found to have an increased intake of 
5.94.8µg/d. Independent t-tests revealed that the controls had a significantly higher vitamin D intake 
during the summer term only (p=0.041).  Pearson correlations revealed that there was no association 
between vitamin D intake and 25(OH)D status in the spring (r=-0.159; p=0.401) or summer (r=-0.228; 
p=0.242).  
 
Physical Performance 
The athlete group were physically fitter as they had a stronger upper and lower body muscular 
strength, vertical jump height and aerobic fitness at baseline/ spring than controls (Table 2). Upper 
body strength was higher in the athlete group during the spring (39.28.7 vs. 31.19.6 kg, p=0.013) 
only. There was no statistical difference detected between athletes and control group during each term 
for predictors of lower body muscle strength in spring (241.673.8 vs. 207.767.3 Nm, p=0.128) and 
summer (251.3103.2 vs. 219.572.3 Nm, p=0.222). Jump height was significantly higher in the 
athlete group during the spring (35.76.8 vs. 26.68.4cm p=0.008) and in the summer (32.88.9 vs. 
26.07.5cm, p=0.023) when compared to the control group. Aerobic fitness was also higher in the 
athletic group during the spring (47.38.6 vs 34.88.8 ml/kg/min-1, p=<0.001) and summer 
(47.810.6 vs 35.85.1 ml/kg/min-1, p<0.001) term. Following Pearson correlation testing, there was 
no association between vitamin D status and predictors of physical performance in either groups or 
combined. This was also the case when controlling for lean body mass, height and weight.  
Although, once separated into ‘insufficient’ (<50nmol/L, (Ross et al., 2011)) and ‘sufficient’ 
(>50nmol/L, (Ross et al., 2011)) groups during both time points there was a distinct difference in 
performance parameters. This is presented in figure 3. The ‘insufficient’ group during spring (n=31) 
had a significantly lower jump height when contrasted to the significant group (28.9 ± 8.7 vs. 36.1 ± 
7.7cm; p= 0.055) and lower aerobic fitness (40.8 ± 10.7 vs. 47.6 ± 9.1 ml/kg/min-1; p=0.05). This was 
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also mirrored in the summer term where the ‘insufficient’ group’s (n=12) jump height (26.4 ± 7.7 vs. 
32.4 ± 9.0cm; p=0.051) and aerobic fitness (37.6 ± 7.7 vs. 46.7 ± 10.8 ml/kg/min-1; p=0.012) were 
significantly lower than their peers. 58% of those reported with insufficient vitamin D levels in spring 
and 36% in summer were university level athletes. When divided into sufficiency groups Pearson 
correlations only detected an association in spring between vitamin D status and jump height 
(r=0.502, p= 0.015) but not for aerobic fitness (r=0.279, p=0.07). A two-way between-groups analysis 
of variance was conducted to explore the impact of sport participation and vitamin D sufficiency upon 
predictors of physical performance during the spring and summer terms. The interaction between 
vitamin D status and sport participation was not statistically significant for handgrip (p=0.122), jump 
height (p=0.202), aerobic fitness (p=0.441) or KET (p=0.284).  
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Table 1. Participant Characteristics  
 
  
Spring 
 
 
Summer 
   
 Athletes 
(n=34) 
Controls 
(n=16) 
Combined 
(n=50)1 
Athletes 
(n=34)2 
Controls 
(n=16)2 
Combined 
(n=50) 2,3 
       
Age (y) 20.81.9 24.84.2 223.3*** - - - 
Height (m) 1.760.1 1.690.1 1.740.1* - - - 
BMI (kg/m2) 23.22.3 24.14.2 23.52.3 22.92.0 23.71.8 23.22.0 
Body Fat (%) 21.56.9 28.26.7 23.67.5** 22.87.7 26.67.4* 24.17.7 
LBM (kg) 56.011.2 49.811.6 54.111.5 53.710.5 50.812.0 52.811.0 
Serum 25(OH)D (nmol/L) 51.720.5 37.218.9 46.720.9* 66.715.8α 55.618.8* 63.117.3**α 
Dietary vitamin D intake (µg/d) 3.02.5 3.92.9 3.32.7 2.72.3 5.94.8 3.33.3α 
SED 1.41.1 0.81.0 1.2 1.1 6.817.3 9.18.6* 7.415.2** 
       
 
Values mean ± SD.  
BMI: body mass index; LBM: lean body mass; 25(OH)D: serum 25-hydroxyvitamin D; Training: self-reported hours; SED: standard erythemal dose.  
1 Independent t-test between athletes and controls during the spring season.*<0.05 **<0.01 ***<0.001 
2 Paired t-test: α between athletes (p<0.05); * between controls (p<0.05); **between combined (p<0.05) 
3 Independent t-test between athletes and controls during the summer season.α<0.05 
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Table 2: Physical Parameters 
 
Spring Summer 
       
 Athletes 
(n=34) 
Controls 
(n=16) 
Combined 
(n=50) 1 
Athletes 
(n=34) 2 
Controls 
(n=16) 2 
Combined 
(n=50) 2,3 
       
Training (hr) 6.84.6 N/A N/A - - - 
Handgrip (kg) 39.28.7 31.19.6 37.29.5** 38.813.9α 36.814.9    38.114.1** 
KET (Nm) 241.673.8 207.767.3 230.572.8 251.3103.2 219.572.3 240.581.3 
Jump Height (cm) 35.76.8 26.68.4 31.58.7** 32.88.9 26.07.5 30.59.0α 
VO2MAX (ml/kg/min-1) 47.38.6 34.88.8 43.410.4*** 47.810.6 35.85.1* 44.010.7αα 
HRMAX (bpm) 189.89.5 185.611.1 188.410.1 189.09.3 183.28.8 187.19.4 
       
 
Values are presented as mean ± SD.  
KET: Isometric knee extensor torque; VO2MAX: maximal oxygen uptake; HRMAX: maximal heart rate recorded during aerobic fitness testing; N.S: Not significant. 
1 Independent t-test between athletes and controls during the spring season.*<0.05 **<0.01 ***<0.001 
2 Paired t-test: α between athletes (p<0.05); * between controls (p<0.05); ** between combined (p<0.05) 
3 Independent t-test between athletes and controls during the summer season. αp<0.05, ααp<0.001
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DISCUSSION 
The principle aim of this study was to examine the effects of regular physical exercise training on the 
relationship between vitamin D status and physical fitness in university athletes and sedentary controls. 
We found that in the spring term ten of our participants were deficient, according to the UK guidelines 
(<25nmol/L, (Department of Health, 2016)) in 25(OH)D, half of which were athletes. We also provided 
further insight into the training status of university athletes and the general physical health status of UK 
university students. We observed a significant improvement in vitamin D status during the summer in 
this non-supplemented population, which most likely can be explained by an increased exposure to 
UVB. An ‘insufficient’ status negatively impacted physical performance across both seasons.  
 
It is known that poor vitamin D status is common within Europe (Cashman et al., 2016) and this has 
also been found specifically within the professional athletic community (Farrokhyar et al., 2015). A lack 
of vitamin D availability has potentially serious health implications, specifically with respect to 
musculoskeletal function (Girgis et al., 2013). Research on vitamin D status at varying latitudes at 
university sport level are predominantly reported in US populations ((Halliday et al., 2011; Forney et 
al., 2014; Villacis et al., 2014; Heller et al., 2015). This study also addresses a research gap within 
vitamin D and sport by exploring a UK university athlete population, including the effects of deficiency. 
Which, could be greater considering the lack of evidence-based nutrition and training support provided 
to improve performance when contrasted to the elite athlete.  There is little literature regarding 
university-level athletes residing within the UK and considering there are 170 institutions hosting 
weekly British Universities and Colleges Sport (BUCS) fixtures across 50 different disciplines receiving 
little nutritional support (BUCS, 2019) more research in this field is warranted. In addition to this 
vitamin D status in young adults is rarely explored, specifically for sedentary students residing within 
the UK (Spiro and Buttriss, 2014) as the vast majority of vitamin D research focusses upon children/ 
adolescent and elderly or institutionalised populations due to its direct influence on bone.  
 
To our knowledge this is one of the first studies to explore the changes in vitamin D status from spring 
to summer through subcutaneous exposure and diet rather than supplementation in young adults. During 
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the summertime, athletes are often encouraged  to obtain plenty of safe sunlight exposure to further 
increase their vitamin D status combined with an adequate intake of food sources (Maughan et al., 
2018). Our results show that university athletes and sedentary students alike improve their vitamin D 
status from spring to summer. Even though most participants were able to increase vitamin D status; 
20% presented with deficiency (<25nmol/L) during the spring and none in the summer. There have been 
multiple health implications that are associated with lower vitamin D status such as osteomalacia, 
lowered muscular strength or function and an increased risk of fractures or incidence of falls 
(Department of Health, 2016). Indeed, our results support this evidence as we found that vitamin D 
insufficiency was associated with a lowered jump height in spring (r=0.502, p=0.015). This is in line 
with previous literature regarding predictors of lower body muscular strength (Allison et al., 2015) and 
countermovement jump (Close et al., 2013; Jung et al., 2018). A meta-analysis of 29 randomised 
controlled trials also revealed that muscular strength showed a small but significant relationship to 
vitamin D supplementation (Beaudart et al., 2014).  
 
A study by Jerome and colleagues (Jerome et al., 2017) is one of the few studies on vitamin D status at 
a northern latitude for a university population. This study however did not control for supplements and 
measured only at one time point (during the winter; November/December), in addition to this it was 
within a smaller US population of 31 participants. A common theme for many meta-analysis or reviews 
investigating the effects of vitamin D upon physical performance is large heterogeneity due to many 
studies utilising kits rather than the gold standard for measuring serum 25(OH) D; LC-MS. Others use a 
large variety of predictors for muscular strength and aerobic capacity, such as VO2MAX tests (Todd et al., 
2017), 10/20M sprints (Close et al., 2013), 1 rep max measurement (Hildebrand et al., 2016), isokinetic 
dynamometry (Hamilton, 2010) and vertical jump (Koundourakis et al., 2014). In addition to this some 
studies have a large variety of ethnicities in their recruits (Hamilton et al., 2014) which can be a 
confounding factor when examining vitamin D due to the inhibitory nature of melanin (Wacker and 
Holick, 2013). Thus, it is suggested that future research focuses upon well-designed RCTs controlling 
for confounding factors such as different sport participators, seasons, latitudes, sunlight exposure, 
ethnicities and baseline vitamin D levels. Although this was not an RCT the authors did control for 
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ethnicity, sunlight exposure and provide novel insight into the vitamin D levels of UK university 
students during two seasons.  
 
The vitamin D status of our participants (51.720.5 nmol/L) were found to be similar at baseline when 
contrasted to an Irish athlete cohort who presented with a mean 25(OH)D status of 49.22nmol/L (55°N) 
in the spring (Todd et al., 2017). However, professional footballers at a similar latitude (52°N) during 
the summer presented with a very high status of 104nmol/L (Morton et al., 2012).  Although, the 
vitamin D status was significantly lower in our control group during the spring- (37.218.9 nmol/L) and 
summertime (55.618.8 nmol/L) compared to athletes. Therefore, it could be suggested that sport 
participation and increased physical activity is conducive to maintaining a healthy vitamin D status 
throughout the year as our athletes presented with a vitamin D status of 51.720.5 nmol/L in spring and 
summer 66.715.8 nmol/L. A limitation of our investigation is that sunlight exposure practices was not 
explored with a validated questionnaire, unlike other vitamin D studies (Cashman et al., 2016).  
Nonetheless we did measure direct sunlight exposure across the seasons, which to our knowledge has 
not been reported in other vitamin D and athletic population studies. Our findings suggest that the 
university athletes had a higher subcutaneous exposure during the spring term (1.41.1) in comparison 
to the control group (0.81.0). Although this did not reach statistical significance (p=0.079) this could 
be a contributing factor to a higher baseline vitamin D status in the athlete group.  
 
The measured physical fitness parameters illustrate the fitness of UK university athletes. When 
contrasted against a Greek professional footballer cohort our university level athletes had a lower 
VO2MAX at baseline at 47.38.6 vs. 59.43.1ml/kg/min-1 (Koundourakis et al., 2014). Our athletes had a 
lower jump height when contrasted to a UK-based club-level athletes at baseline 35.76.8 vs. 476.9cm 
(Close et al., 2013). Conversely, our results were in line with the VO2MAX of an Irish athlete cohort: 
47.38.6 vs. 50.57.0 ml/kg/min-1 (Todd et al., 2017). They also presented with a similar peak knee 
extensor strength 241.673.8 vs. 234.2 37.5 Nm when compared to a Polish athlete group at a similar 
latitude (51N) during the winter (Książek et al., 2016). Thereby further contributing to current 
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knowledge regarding the physical fitness of a variety of different university athletes competing within 
the UK. Specifically regarding their vitamin D status and physical performance parameters over two 
academic semesters at a high latitude. This information could potentially be beneficial to inform the risk 
of vitamin D insufficiency across university populations. Specifically as there have been links found 
between vitamin D status and upper respiratory tract infection (URTI) prevention (He et al., 2013). 
Further investigation into this UK population is warranted to determine whether they carry equal or 
greater risk of vitamin D deficiency in comparison to the general population and professional athletes. 
 
 
CONCLUSIONS 
In conclusion we provide information regarding the vitamin D status and physical fitness of caucasian 
university athletes at the end of a competitive season (March-June). We also provide information on the 
vitamin D status and physical health of sedentary university students, for which there is limited 
evidence. We found that an insufficient status negatively impacts predictors of jump height and aerobic 
fitness in these populations. Thus, training and competing for their respective sports could be considered 
protective. This resulted in the athletes achieving a higher vitamin D status during the spring term as 
they presented with a higher SED in the spring when compared to controls. Therefore, it is essential to 
maintain vitamin D status at an adequate level (>50nmol/L) year-round specifically when residing at a 
latitude where UVB exposure is negligible during the winter months. These data suggest that University 
athletes and students are at risk of vitamin D insufficiency and further research is warranted on the 
interrelationship between low vitamin D status, athletic performance and health for those residing at 
northern latitudes such as the UK.  
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Figure 1: Schematic Diagram of Protocol 
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Figure 2. Seasonal variation in vitamin D status between the athlete and control group. *p<0.05 
for the athletes/control groups between seasons. #p<0.05 between athlete and control groups in 
spring and summer terms.  
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Figure 3. Mean (SD) A) Jump height and B) Aerobic fitness (VO2MAX) within the insufficient (<50nmol/L) 
and sufficient (>50nmol/L) groups during the spring and summer term. *p= < 0.05 
 
 
